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METHODS AND COMPOSITIONS FOR REGUL ATION OF TQ2B EXPRESSION 

Inventor: Robert C. Tarn 

I. FIELD OF THE INVENTION 

The invention is in the field of modulating gene expression 
through the use of oligomers, particularly those oligomers 
effective in treating immune system-mediated diseases. 

II . BACKGROUND OF THE INVENTION 

While the immune system plays a crucial role in protecting 
higher organisms against life- threatening infections, the immune 
system also plays a crucial part in the pathogenesis of numerous 
diseases. Those diseases in which the immune system plays a par 
include autoimmune diseases in which the immune system reacts 
against an autologous antigen, e.g., systemic lupus 
erythematosus, or diseases associated with immunoregulation 
initiated by reaction to a foreign antigen, e.g., graft vs. host 
disease observed in transplantation rejection. 

The pathogenesis and exacerbation of many common T-cell 
mediated diseases result from an inappropriate immune response 
driven by abnormal T-cell activation. The presence of activated 
T-cells have been reported in many T-cell mediated skin diseases 
(Simon et al., (1994) J. Invest Derm .. ±Q2 : 539-543 ) . For 
example, psoriasis, which afflicts 21 of the Western population 
including four million Americans, is a skin disorder 
characterized by keratinocyte hyperproli f eration and abnormal 
dermal and epidermal infiltration of activated T-cells. Many 
reports suggest a major role of these activated T-celis in the 
pathogenesis of psoriasis (Baadsgaard et al., {1990) J. Invest 
Derm . . 2^:275-282, Chang et al., (1992) Arch. Derm .. 121:1479- 
1485, Schlaak et al., (1994) J. Invest Derm .. 1^2:145-149) and i 



WO 96/24380 PCT/US96/01507 

- 2 T 



AIDS-exacerbated psoriasis (Duvic (1990) J. Invs.-:. >rm .. 

38S-40S) . In psoriasis, activated iesionai T-ceiis 
predominantly release the Thl cytokines (IL-2, ;nterf eron-gamma) 
(Schlaak et al., (1994) J. invest Hprm.. 122:145-149). These 
secreted cytokines induce normal keratinocytes to express the 
same phenotype (HLA DR+/ICAM-1+) as found in psoriasis lesions 
(Baadsgaard et al., (1990) J. Invest Derm.. ££:2 T 5-232). Also, 
by virtue of its in vitro and in vivo proinflammatory properties 
and because it is secreted in large amounts by both activated 
T-cells and keratinocytes from psoriatic lesions, IL-8 is 
considered to be a major contributor to the pathologic changes 
seen in psoriatic skin such as keratinocyte hyperproli f eration . 
Furthermore, one of the B7 family of receptors (the natural 
ligands for CD28 found on activated APC) , BBl,has been shown to 
be expressed in psoriatic but not unaffected skin keratinocytes 
(Nickoloff, et al., (1993) Am. J. Pathology . 142:1029-10401 

A number of other diseases are thought to be caused by 
aberrant T-cell activation, including Type I (insulin-dependent) 
diabetes mellitus, thyroiditis, sarcoidosis, multiple sclerosis, 
autoimmune uveitis, rheumatoid arthritis, systemic lupus 
erythematosus, inflammatory bowel disease (Crohn's and ulcerative 
colitis) and autoimmune hepatitis. In addition, a variety of 
syndromes including septic shock and tumor-induced cachexia may 
involve T-cell activation and augmented production of potentially 
toxic levels of lyinphokines . Normal T-cell activation also 
mediates the rejection of transplanted cells and organs by 
providing the necessary signals for the effective destruction of 
the "foreign" donor tissue. 

The activation of T-lymphocytes leading to T-cell 
proliferation and gene expression and secretion of specific 
immunomodulatory cytokines requires two independent signals. 
The first signal involves the recognition, by specific T-cell 
receptor/CD3 complex, of antigen presented by major his tocompati- 
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bility complex molecules on the surface of antigen presenting 
cells (APCs). Antigen-nonspecific intercellular interactions 
between T-cells and APCs provide the second signal that serves to 
regulate T-cell responses to antigen. These secondary or 
costimulatory signals determine the magnitude of a T-celi 
response to antigen. Costimulated cells react by increasing the 
levels of specific cytokine gene transcription and by stabilizing 
selected mRNAs . In the absence of costimulation, T-cell activa- 
tion results in an aborted or anergic T-cell response. One key 
costimulatory signal is provided by interaction of the T-cell 
surface receptor CD28 with B7-related molecules on APC (Linsley 
and Ledbetter (1993) Ann, P p Y Tfflnminl.. 11:191-212). CD28 is 
constitutiveiy expressed on 95% of CD4 + T-cells (which provide 
helper functions for B-cell antibody production) and 50% of CD8+ 
T-cells (which have cytotoxic functions) (Yamada et ai., (19 S5) 
E ur . J , TnmiinPl . 11:1164-1168). Following antigenic or in vitro 
autogenic stimulation, further induction of surface levels of 
CD28 occurs, as well as the production of certain immunomodula- 
tory cytokines. These include interleukin-2 (IL-2) , required for 
cell cycle progression of T-cells, interf eron-gamma, which 
displays a wide variety of anti-viral and anti-tumor effects and 
mterleukin-8 (IL-8), known as a potent chemotactic factor for 
neutrophils and lymphocytes. These cytokines have been shown to 
be regulated by the CD28 pathway of T-cell activation (Fraser et 
ai., (1991) Sc l ent , 251:313-316, Seder et al . , (1994) J. R*n 

122:299-304, Wechsler e C ai., (1994) J. T m „nni 
111:2515-2523). il-2, interf eron-gamma, and IL-8 are essential 
in promoting a wide range of immune responses and have been shown 
to be overexpressed in many T-cell mediated disease states. 

In some T-cell mediated skin disorders such as allergic 
contact dermatitis and lichen planus, CD28 was expressed in high 
levels in the majority of dermal and epidermal CD3+ T-cells but 
in normal skin and basal cell carcinoma (a non T-cell mediated 
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skin disease), CD28 was expressed only in perivascular T-ceils. 
Similarly, in both allergic contact dermatitis and lichen planus, 
B7 expression was found on dermal dendritic cells, dermal APCs 
and on keratinocytes but not in normal skin and basal cell 
carcinoma (Simon et al., (1994) J . Invest Derm ., 155: 539-543) . 
Therefore this suggests that the CD28/B7 pathway is an important 
mediator of T-cell-mediated skin diseases. 

Aberrant T-cell activation associated with certain 
autoimmune diseases caused by the loss of self -tolerance is 
predominantly characterized by the presence of CD28 + T-celis and 
expression of its ligand, B7 on activated professional APCs 
(monocyte, macrophage or dendritic cells) . These include 
autoimmune Graves thyroiditis (Garcia-Cozar et al., (1993) 
Immunol . , 12:32), sarcoidosis (Vandenbergh et al. f (1993) Int . 
Immunol . . 5:317-321), rheumatoid arthritis (Verwilghen et ai. 
(1994) J. Immunol ., 152:1378-1385) and systemic lupus 
erythematosus (Sfikakis et al., (1994) Clin. Exp. Immunol ., 
25:8-14). In normal T-cell activation, which mediates the 
rejection of transplanted cells and organs, the binding of CD28 
by its appropriate B7 ligand during T-cell receptor engagement is 
critical for proper allogeneic response to foreign antigens, for 
example, on donor tissue (Azuma et al., (1992) J. Exp. Med ., 
125:353-360, Turka et al., (1992) Proc. Nat. Acad. Sci. USA . 
52:11102-11105) . 

Traditional therapies for autoimmune diseases do not prevent 
T-cell activation; the effector step in the autoreactive immune 
responses to self-antigen. Drugs, such as steroids and 
non-steroid anti-inflammatory drugs (NSAIDS), are currently used 
to ameliorate symptoms, but they do not prevent the progression 
of the disease. In addition, steroids can have side effects such 
as inducing osteoporosis, organ toxicity and diabetes, and can 
accelerate the cartilage degeneration process and cause so-called 
post-injection flares for up to 2 to 8 hours. NSAIDS can have 
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gastrointestinal side effects and increase the risk of 
agranulocytosis and iatrogenic hepatitis. Immunosuppressive 
drugs are also used as another form of therapy, especially in 
advanced disease stages. However, these drugs suppress the 
entire immune system and often treatment has severe side effect 
including hypertension and nephrotoxicity. Also established 
immunosuppressants such as cyclosporin and FK506 cannot inhi- t 
the CD28-dependent T-cell activation pathway (June et al.. ,1987, 
MqI. Cpj 1 , Rinl ., 2:4472-4481). 

Given the shortcomings of currently-available pharma- 
ceuticals and methods for treating immune system-mediated 
diseases, it is of interest to provide new methods and com- 
positions for treating such diseases. 

"I- SUMMARY np THE TNVpi TT n N 

The subject invention provides methods and compositions for 
the treatment of immune system-mediated diseases. The composi- 
tions of the invention have the property of reducing the 
expression of CD28 in cells of interest, which in turn moderate 
pathogenic effects of the immune system in an immune system- 
mediated disease. The subject methods of reducing CD28 
expression may also serve as methods of reducing the effects o* 
antigenic stimulation of CD28' T cells, thereby decreasing the 
level of activation of CD28* T cells and the release of cytokines 
associated with T cell activation, including interleukin-2, 
mterferon-gamma, and interleukin-8 . The compositions of the 
invention include many different oligomers capable of reducing 
the expression of CD28, 

One aspect of the invention is to provide oligomers capable 
of reducing the expression of CD28 by interfering with the 
expression of CD28. The oligomers of the invention have nucleic 
acid base sequence homology to a CD28 gene or a CD28 gene 
transcript, or a portion thereof, where the homology is 
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sufficient to permit formation of a nucleic acid double-stranded 
helix or triple-stranded helix under intracellular conditions. 
The oligomers of the invention may be DNA, RNA, or various 
synthetic analogs thereof. In particular embodiments, oligomers 
having 11 to 50 bases comprising at least two sequences of GGGG 
separated by 3 to 5 bases. 

Another aspect of the invention is to provide genetic 
engineering vectors for the intracellular expression of oligomers 
of the invention in cells of interest, preferably cells that 
naturally express CD28. 

Another aspect of the invention is to provide pharmaceutical 
formulations comprising one or more different oligomers of the 
invention. The pharmaceutical formulations may be adapted for 
various forms of administration to the body or administration to 
cells to be reintroduced into the body. 

Another aspect of the invention is to provide methods for 
the treatment of immune system-mediated diseases. The methods of 
the invention involve modulating CD28 expression by administering 
an effective amount of the oligomers of the invention. The 
methods of the invention include methods of treating autoimmune 
disease, methods of reducing inflammation, response, methods of 
reducing the production of selected cytokines, methods of 
inactivating T cells, and methods of immunosuppressing a 
transplant patient. 

iv. BRIEF DESCRIPTION OF THE PRWINGS 

Figure 1 is the sequence of the 5' untranslated region of 
the CD28 gene ( 1A) and the mRNA sequence of ,human CD28 (IB, 1C) . 
Figures IB and 1C represent different contiguous portions of a 
polynucleotide sequence . 

Figure 2 is a graphical representation of the percentage of 
viable (live) T-cells following treatment with various CD28- 
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specxfic and control phosphorothioate and ohosphorothioace- 
3'hyaroxypropylamine oligonucleotides. 

Figure 3 is a graphical representation of anti-~ D3 
monoclonal antibody/PMA-induced CD28 expression in human -cells 
from two donors (GV010 and JCOU), (A) and the ef'ec^ of 
CD28- S pecific and control phosphorothioate (B, batch 1 and 2 ) and 
Phosphorothioate-3'hydroxypropylamine (C) oligonucleotides on 
anti-CD3 monoclonal antibody/PMA-induced CD28 expression in 
peripheral blood T-cells from the same 2 donors. 

Figure 4 is a graphical representation of A, the induction 
I 1 "" 11 P rolife " tioa by mitogens in human T-cells from donor 
KS006 and B, the effect of CD28-s P ecif ic and control 
Phosphorothioate oligonucleotides on anti-CD3 monoclonal 
antibody/PMA-induced human T-cell proliferation. 

Figure 5 i S a graphical representation of the induction of 
mterleuKin-2 (IL-2, production by anti-CD3 monoclonal antibody 
and PMA in human T-cells (A) and the effect of CD28-specifi c and 
control phosphorothioate ,B> phosphorothioate- 3 • hvdroxypropyi- 
anune (C) oligonucleotides on anti-CD3 monoclonal antibody/ 
PMA-induced IL-2 production in human peripheral T-cells 

Figure 6 is a graphical representation of the induction of 
inter feron-gamma ( IFNy) production by anti-CD3 monoclonal 
antibody and PMA in human T-cells (A) and the effect of 
CD28-s P ecific and control phosphorothioate (B, phosohorothio- 
ate-3'hydroxypropylamine (C) oligonucleotides on anti-CD3 
monoclonal antibody/PMA-induced interf eron-gamma production in 
human peripheral T-cells. 

Figure 7 is a graphical representation of the induction of 
mterleufcin-8 (IL-8, production by anti-CD3 monoclonal antibody 
and PMA in human T-cells (A, and the effect of CD28-s P ecif ic and 
control phosphorothioate (B) phosphorothioate-3 • hydroxypropyl- 
amine (C, oligonucleotides on anti-CD3 monoclonal antibody/PMA- 
inducea IL-8 production in human peripheral T-cells. 
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Figure B is a graphical representation of the induction o: 
interieukin-2 receptor (IL-2R, otherwise known as CD25) (A) and 
intracellular adhesion molecule-1 (ICAM-1 otherwise known as 
CD54) (B) expression by anti-CD3 monoclonal antibody and PMA in 
human peripheral T-cells treated with and without CD28-specif ic 
and control phosphorothioate 3 1 hydroxypropylamine oligonucleo- 
tides. 

Figure 9 is a graphical representation of CD28 expression in 
HUT 78 (A) and Jurkat (B) human T-cell lines before and after 
anti-CD3 monoclonal antibody and PMA treatment, and the effect of 
CD28-specif ic phosphorothioate oligonucleotides in anti-CD3 mono- 
clonal antibody and PMA-treated Jurkat cells (C) . 

Figure 10 is a graphical representation of the effect of 
CD28-specif ic phosphorothioate oligonucleotides on interleukin-2 
production in anti-CD3 monoclonal antibody and PMA-treated HUT 78 
(A) and Jurkat (B) human T-cell lines. 

Figure 11 is a graphical representation of the effect of 
phosphorothioate oligonucleotides on surface expression of 
accessory molecules and on cytokine secretion in activated T 
cells . 

Figure 12 is a graphical representation of the effect cf 
phosphorothioate oligonucleotides on CD28 and CD25 mRNA levels. 

Figure 13 is a graphical representation of the specificity 
of oligonucleotides RT03S (SEQ ID NO: 44) and RT04S (SEQ ID NO: 
45) with respect to inhibitory effect on functional CD28 
expression . 

Figure 14 is a graphical representation of the tolerance 
induction in vitro by the CD28-specif ic oligonucleotides, RT03S 
(SEQ ID NO: 44) and RT04S (SEQ ID NO; 45). 

Figure 15 is a' graphical representation of the in vitro 
stability of "P-labeled phosphorothioates , RT03S (SEQ ID NO: 44) 
and RTC06S (SEQ ID NO: 48) in extracellular supernatants (top 
panel) and Jurkat cell lysates (bottom panel). 
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V. 



Described herein are methods and compositions for treat!-- 
immune system-mediated diseases, wherein the desired therapeutic 
effect x. achieved by decreasing the expression of CD28, thereby 
abrogating activated CD29' T cell function and decreasing 
activation of other immune system cells. The inventor has 
discovered that antigen-dependent T cell activation may be 
inhibited by decreasing the expression of CD28 in CD28' T cells 
The invention provides numerous compounds that may be used to 
decrease the expression of CD28 in T cells. 

The invention described herein involves the discovery that 
decreasing CD28 expression in T cells can interfere with the 
antigen-specific activation of T cells. The discovery may be 
used to provide numerous methods of treating immune system- 
mediated diseases with oligomers targeted to CD28 and with non- 
oligomer compounds that decrease CD28 expression. By employing 
the discoveries of the biological effects of decreasing CD28 
expression as described in this application, numerous methods of 
treating immune system-mediated diseases are provided, such 
methods may employ non-oligomer compounds that have not yet been 
synthesized or purified. 

One aspect of the invention is to provide for oligomers that 
can be used to inhibit gene expression of certain genes is an 
established technique frequently referred to as the use of "anti- 
sense" oligonucleotides or "anti-sense therapy. "» Numerous 
Publications on the construction and use of anti-sense are 
available. Exemplary of such publications are: Stein et al 
fiCilllCt, 2*1:1004-1012 (1993,; Milligan, et ai., J . MpH r,.i 
^1923-1937 (1993,; Helene, et ai., j. » <w .m- Vn 
121^99-125 (1990,; Wagner, Nflturr., 222:333-335 (1994); and 
Crooke and Lebleu, Anti^ense Rmm^h ^ , rrn ^ Mnn - CRC 
Press, Boca Raton (1993,. The term "anti-sense" as used herein, 
unless indicated otherwise, refers to oligomers (including oligo- 
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nucleotides) capable of forming either double-stranded or triple- 
stranded (triplex) helices with polynucleotides so as to 
interfere with gene expression. The principles of anti-sense 
design and use described in these publications, and other similar 
publications, may be used by the person of ordinary skill in the 
art to design, make, and use various embodiments of the CD28 
specific oligomers of the invention. 

The oligomers of the invention are capable of modulating the 
expression of the CD2B gene. The oligomers of the invention 
include those oligomers that have the property of being able to 
form either a double-stranded polynucleotide helix by hybridizing 
with CD28 transcripts (or portions thereof), or a double-stranded 
polynucleotide helix by hybridizing with a portion or portions of 
a CD28 gene, wherein the helix formation may occur under 
intracellular conditions. The oligomers of the invention also 
include those oligomers that are capable of affecting the 
regulation of gene expression such as by acting as molecular 
decoys and preventing protein-nucleic acid interaction of 
transcription factors with regulatory elements of the 
untranslated regions of the CD28 gene. Additionally, the 
oligomers of the invention include those oligomers that are 
capable of forming a triple-stranded polynucleotide . helix with a 
portion or portions of a CD28 gene, wherein the helix formation 
may occur under intracellular conditions. Both double-stranded 
helix and triple-stranded helix base pairing relationships 
between, nucleic acid bases (e.g., adenine-thymine, cytosine- 
guanine, uracil- thymine) are known to the person of ordinary 
skill in the art and may be employed in the design of the 
oligomers of the invention. Regions of the CD28 gene or CD28 
gene transcript at which double-stranded helix or triple-stranded 
helix formation can occur with a given oligomer of the invention 
are said to be "targeted" by that oligomer. 
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Human CD28 is a 90 -kDa homodimeric transmembrane glyco- 
protein present on the surface of a subset of T ceils. CD-8 is 
present on most CD4* T cells and about 50% of CD8" T cells The 
DNA sequence encoding human CD28 has been resolved as can be 

[rlT 9 ° th6r PlaCSS ' " Lee et al - Jgurnnl " f T «mr1^, 

141:344-352 (1990) and on publicly accessible gene databases such 
as GenBank. The human CD28 gene comprises four exons, each 
defining a functional domain of the predicted protein. 
Transcription products of varying sizes have been observed to be 
produced from the human CD28 gene. The oligomers of the 
invention may be designed by referring to the published 
nucleotide sequence of the CD28 gene or the sequence of CD28 
gene-derived cDNAs . The compositions and methods of the 
invention may be readily adapted for use in mammals other than 
humans by referring to the sequence of the CD28 gene from non- 
human mammals. the sequence of non-human CD28 gene may be 
obtained by, among other methods, using previously identified 
CD28 gene sequences from humans {or other mammals) as gene 
library hybridization probes and/or PCR (polymerase chain 
reaction, amplification primers. While the published nucleotide 
sequences of the CD28 gene are believed to be accurate, the 
subject invention may be practiced by the person of ordinary 
skill in the art even if the published nucleotide base sequence 
of CD28 contains sequencing errors. The proper nucleotide base 
sequence errors i„ published sequences may be detected by, among 
other means, re-sequencing regions of the CD28 gene (or CD28 gene 
transcripts) targeted by the oligomers of the invention. Re- 
sequencing may be performed by means of conventional DMA 
sequencing technology. 

The oligomers of the invention preferably comprise from 
about 11 to about 50 nucleic acid base units. It will be readily 
appreciated by the person of ordinary skill in the art that 
oligomers of the invention may be significantly longer than 50 
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nucieic acid base units. In a more preferred embodiment cf the 
invention, the oligomers comprise from about 8 to about 25 
nucieic acid base units; more preferably from about 14 nucieic 
acid base units to about 22 nucleic base units. The preferred 
size limitations for the oligomers of the invention pertain only 
to those oligomers that are to be administered extracelluiariy to 
a cell and are not applicable to intracellularly produced C^28 
specific oligomers, e.g., as produced from vectors for the 
genetic manipulation of target host cells. 

The oligomers of the invention may have numerous different 
nucleic acid base sequences. The oligomers of the invention may 
be selected to reduce expression of CD28 by hybridizing (through 
nucleic acid - nucleic acid interaction) to virtually any region 
of a CD28 transcript of CD28 gene in order to reduce expression 
of CD28, or by hybridizing (through nucleic acid - protein 
interaction) to non-nucleic acid molecules that' recognize 
untranslated sequences of the CD28 gene. For example, oligomers 
of the invention may be selected so as to be able to hybridize to 
translated regions of a CD28 transcript, untranslated regions of 
a CD28 transcript, unspliced regions of a CD28 transcript, CD28 
gene mtrons, CD28 promoter sequences, and CD28 regulatory 
sequence, the 5' cap region of a CD28 transcript, CD28 gene 
coding regions, and the like (including combinations of various 
distinct regions) . Preferred embodiments of the CD28 gene and 
CD28 gene transcripts by the oligomers of the invention are in 
the translational and/or transcriptional initiation regions of 
the CD28 gene {and transcripts thereof) . By varying the location 
of the CD28 or CD28 gene transcript in which helix formation may 
occur through the selection of the nucleic acid base pair 
sequence of the oligomer, the potency of the oligomer, i.e., the 
amount required to produce the desired biological effect will be 
varied. Preferred embodiments of the oligomers of the invention 
have the highest possible potency. The potency of different 
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oligomers of the invention may be measured by various ^ v^ 
assays known to the person of ordinary skill in the art 
Examples of such assays can be found in the experiments section 
of this application. The person of ordinary skill in the art 
wxll appreciate that it not desirable to produce oligomers that 
are targeted to polynucleotide sequences that are also present a 
Qene locations other than the CD28 gene. For example, it would 
be undesirable to produce an oligomer targeted to the am 
sequence in the 5' untranslated region of the CD28 transcript 
(the region of the CD28 is described in Lee et ai . , Journf ,: 
Of ImnrnnPlnay , 1^:344-352 (1990,,. The use of oligomers that 
form double-stranded or triple-stranded helices with gene or 
transcnpts of genes other than CD28 may be minimized by 
Performing homology searches of oligomer nucleotide base 
sequences against polynucleotide sequence information present in 
publicly accessible data bases such as GenBank. 

In a preferred embodiment of the invention, the subject 
oligomers exhibit perfect nucleic acid base complementarity to 
the selected target sequence, i.e., every nucleic acid base m 
the oligomer may enter into a base pairing relationship with a 
second (or third) nucleic acid base on another strand of a double 
(or triple, helix. However, a person of ordinary skill in the 
art will appreciate that various oligomers specific for a CD28 
gene target and/or capable of inhibiting CD28 expression may have 
nucleotide base sequences that lack perfect hybridization to the 
CD28 gene (either strand), CD28 gene transcripts, or CD28- 
specific regulatory proteins. 

In preferred embodiments of the oligomers of the invention 
are oligomers having the following nucleotide base sequences - 
5 'TTGTCCTGACGATGGGCTA3 ' {SEQ ID NO;1) RT01 

5 ' AGCAGCCTGAGCATCTTTGT3 ' (SEQ ID NO:2) RT02 

5 'TTGGAGGGGGTGGTGGGG3 ' (SEQ ID N0: 3, RT03 

5 ' GGGTTGGAGGGGGTGGTGGGG3 ' (SEQ ID NO: 4) RT04 
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In particularly preferred embodiments of the invention, the 
oligomers having the nucleotide base sequences indicated in RT01, 
RT02, RT03, and RT04, are phosphorothioates . Particularly 
preferred oligomers are phosphorothioate-3 • hydroxypropylamine , as 
described in Tarn et al., Nucl . Aci d. Res. 22:9"?*7-966 (1994), 

Oligomers of the invention may be designed so as to decrease 
the expression of CD28 in T cells that have internalized 
extracellularly applied oligomers of the invention. 
Additionally, oligomers of the invention may be designed so as to 
decrease expression of CD28 when the oligomers are produced 
intracellularly through the use of genetic expression vectors. 
Inhibition of CD28 expression may be effected through (I) inter- 
ference with CD28 gene transcription, (ii) interference with the 
transcription of CD28 gene transcripts, (iii) interference with 
the processing of CD28 gene transcripts, or any combination of 
(I), (ii), and (iii). The precise degree and mechanism of the 
interference of CD28 expression will depend on factors such as 
the structure of the particular oligomer, the nucleotide base ■ 
sequence of the oligomer, the dosage of oligomer, the means of 
administering the subject oligomer, and the like. 

The term '"oligomer" as used herein refers to both naturally 
occurring polynucleotides, e.g., DNA, RNA, and to various 
artificial analogs of naturally occurring nucleic acids that have 
the ability to form either double-stranded or triple-stranded 
helix with DNA or RNA. Many oligomers that are artificial 
analogs of naturally occurring polynucleotides have properties 
that make them superior to DNA or RNA for use in the methods of. 
the invention. These properties include higher affinity for 
DNA/ RNA, endonuclease resistance, exonuclease resistance, lipid 
solubility, RNAse H activation, and the like. For example, 
enhanced lipid solubility and/or resistance to nuclease digestion 
results by substituting an alkyl group or alkoxy group for a 
phosphate oxygen in the internucleotide phosphodiester linkage to 
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form an alkylphosphonate oligonucleotide or alkylphosphotrieste 
oligonucleotide. Non-ionic oligomers such as. these are 
characterized by increased resistance to nuclease hydrolysis 
and/or increased cellular uptake, while retaining the ability t 
form stable complexes with complementary nucleic acid sequences 

While numerous oligomers that are analogs of naturally 
occurring nucleic acids are explicitly described herein, and/or 
are otherwise known to the person of ordinary skill in the art, 
it will be appreciated that numerous oligomers that are nucleic 
acid analogs that may be developed in the future may be readily 
adapted by those of ordinary skill in the art to inhibit the 
expression of CD28 genes. A brief review of different current^ 
available DNA/RNA analogs that may be used as oligomers of the 
invention by selection of the appropriate nucleic acid base 
sequence so as to target CD28 genes (and transcripts thereof) is 
provided below. The various oligomers described in those 
publications are examples, not limitations,, of different possibl 
embodiments of oligomers that may be adapted for inhibition of 
CD28 expression in the methods and compositions of the invention 

Methylphosphonate (and other alxyl phosphonate) oligomers 
can be prepared by a variety of methods, both in solution and on 
insoluble polymer supports (Agrawal and Fiftina, Hur' . ihhc 
££&., £:3009-3024 (1979); Miller et al., Biorh>m^i-rv . 1*5134- 
5142 (1979); Miller et al., J, Biol ■ ThfTTI., 215:9659-9665 (1980), 
Miller et al., NUCl . ftrirl'i Pfff., 11:5189-5204 (1983); Miller et 
ai -' NUCi. AfTif^ Rf-fi., 11:6225-6242 (1983); Miller et al., 
B i QChemjfftrY , 21:5092-5097 <1986); Sinha et al. f TetrahPdmn 
LeJ*. 21:877-880 (1983); Dorman et al., T^r,hpHm. 1£: 95 -102 
(1984); Jager and Engels, Tetrahedron T. P t- r 21:1437-1440 (1984); 
Noble et al., Nut:] , flrifl^ Rp<j., 12:3387-3404 (1984) Callahan et 
a1 -' Proc. Ma f 1. . Ararj , fl ri , fTCffl £3.: 1 617-1 621 (1986); 
Ko si pUipwjrv et al., Chemir* wj nra 21J.251-260 (1986); Agrawal 
and Goodchild, Tetrahedron t.pm- 2£: 3539-3542 (1987); 
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LesnikowsJci et ai., Tetrahedron Lett ., £1:5535-5538 (1987); Sarin 
et ai., Proc. Natl. Acad. Sci . USA , 11:7448-7451 (1988). 

Additional oligoribonucieotide analogs for use as oligomers 
are described in Inova et ai., Nucleic Acids Res ., 15:6131 (1987) 
(2 ' -O-methylribonucleotides) , Inova et ai., FEBS Lett - . 2I5 :>327 

(1987) . 

Descriptions of how to make and use phosphoro thioates and 
phosphorodi thioates can be found in, among other places, the 
following publications: United States Patent No. 5,292,875, 
United States Patent No. 5,286,717, United States Patent 
No. 5,276,019, Patent No. 5,264,423, United States Patent 
No. 5,218,103, United States Patent No. 5,194,428, United States 
Patent No. 5,183,885, United States Patent No. 5,166,387, United 
States Patent No. 5,151,510, United States Patent No. 5,120,846, 
United States Patent No. 4,814,448, United States Patent No. 
4,814,451, United States Patent No. 4,096,210, United States 
Patent No. 4, 094, 873, United States Patent No . - 4 , 092 , 312 , United 
States Patent No. 4,016,225, United States Patent No. 4,007,197, 
United States Patent No. 3,972,887, United States Patent No. 
3,917,621, and United States Patent No. 3,907,815, Dagle et al., 
Nucl, Acids Res . 11:4751-4757 (1990), Loke et ai . , PrQC Natl, 
Acad. Sci. USA . 11:3474-3478 (1989), LaPlanche, et ai., Nucleic 
Acids Res ,. 14:9081 (1986) and by Stec, et ai., J. Am. Chem. Soc. 
1££:6077 (1984), and Stein et ai., Nnrl . Acids Res- . 11:3209-3221 

(1988) . 

Descriptions of how to make and use phosphoramidates can be 
found in among other places the following publications: Agrawal 
et al., Proc. Natl. Acad. Sci.. 11:7079-7083 (1988), Dagle et 
ai., Nucl. Acids Res. . H < 6) : 4751-4757 (1990), Dagle et ai., 
NUCl. fttidfi Res, ia(B) :1805-1810 (1991), 

Other polynucleotide analogs of interest include compounds 
having acetals or thioacetals in the backbone structure. 
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Examples of how Ce make and use such compounds can be found 
among other places in, Gao et aJ., BiochPnH «.f ry 11:6228-6236 
(1992,, Quaedflieg et ai., TfltHhfflmn T,Pf» 12(211:3081-3084 
(1992), Jones et ai., J. Org rh PrT1 1&:2983-2991 (1993) 

Other polynucleotide analogs of interest include comoounds 
havxng sxlyl and siloxy bridges in the backbone structure 
examples of how to make and use such compounds can be found 

7*1 °T*l PlSCeS ^ ° 9UVie ^ C ° rmier ' T "" h — Trrr' 

~i(35):4159-4162 ,1985), Cormier and Ogilvie, . ».<h. P r , 

1£(10, :4583-4S94 (1988), PCT publication WO 94/06811 

bavina"" f° lynUCie0tide anal °^ °* -terest include compounds 
having Sll yl and acetamidate bridges in the backbone structure 
Examples of how to make and use such compounds can be found 
among other places xn Gait et al., J, ^ , Perkin ^ 

1: 1684 (1974), Mungal! -and Kaiser, J, 0rq , r hm ^ ( 4 ,: 703-706 
'1977), and coull et al., and Tetrah-rt™, f , rrr -> ?r] ^ Vj - ]Q 



Polynucleotide analogs having morpholino-based backbone 
Usages have also been described. Information on how to make 
and use such nucleotide analogs can be found in, among other 
Places, United States Patent Nos . 5,034,506, 5,235,033 
5,034,506, 5,185,444. 

Polynucleotide analogs havxng various amine, peptide, and 
other achiral and/or neutral linkages have been described- 
Caulfield et ai., B i oo Cqfl n 1r & MPfUfitnal r hPTn T | , rr , 1(12):2771 . 
' U993> ' Mesmae *« « -i- Blogrnnnlr . M^Hn., ph., 

^r 2 ^; 395 ~ 398 (l994,; Anm ' rh ™ Tnr " ^ > 

ll(2):226-229 (1994), United States Patent No. 5,166,315, and 
United States Patent No. 5,142,047. 

Polynucleotides having thioether and other sulfur linkages 
between subunits are described i„, among other places Schneider 
and Brenner, Tetrahrdrpn Tfft ., 11(3, : 335-338 (1990), Huang et 

J . Qrff . r hP m ., l£:3869-3882 (1991); Musicki and Widlanski 
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Tetrahedron Lett ., 2Z ( 1 0) : 12 67-1270 (1991); Huang and Widlanski, 
Tetrahedron Lett . , 22 ( 1 9 ): 2 657-2660 (1992); and Reynolds et ai., 
J. Org. Chem. 17:2983-2985 (1992), and PCT publication WO 
91/15500. 

Other polynucleotide analogs of interest include peptide 
nucieic acids (PNAs) and related polynucleotide analogs. A 
description of how to make and use peptide nucleic acids can be 
found in, among other places, Buchardt et al., Trends in 
Biotech. , 11 (1993) and PCT publication WO 93/12129. 

Other oligomers for use in anti-sense inhibition have been 
described in Thuong et al., Proc. Natl . Acad. Sci . . 11:5129-5133 
(1987), United States Patent No. 5,217,866, Lamond, BiQChfim, fiQC. 
Transactions , £1:1-8 (19*93) (2 ' -O-alkyloligor ibonucieot ides ) , Ono 
et al., B^oconiugafe Chemistry , 1:499-508 (1993) { 2 1 -deoxyuridine 
analogs carrying an amino linker at the 1* -position of 
deoxyribose) , Kawasai et al., J. Med. Chem,, 2£: 831-841 (1993) 
(2 1 -deoxy-2 ' -f luoro phosphorothioate oligonucleotides), PCT 
publication WO 93/23570, Augustyns et al., Nur3 . Acids Res. , 
21(20) :4670-4676 (1993). 

Additionally, oligomers may be further modified so as to 
increase the stability of duplexes and/or increase cellular 
uptake. Examples of such modifications can be found in PCT 
publication WO '93/24507 entitled "Conformational^ Restrained 
Oligomers Containing Amide or Carbamate Linkages for Sequence- 
Specific Binding," Nielsen et al., Science. ZM: 1497-1500 (1991), 
PCT publication WO 92/05186 entitled "Modified Internucleoside 
Linkages," PCT publication WO 91/06629, filed October 24, 1990 
and United States Patent 5,264,562 filed April 24, 1991, both of 
which are entitled "Oligonucleotide Analogs with Novel Linkages," 
PCT publication WO 91/13080 entitled "Pseudonucleosides and 
Psuedonucleotides and their Polymers," PCT publication WO 
91/06556 entitled "2' -Modified Oligonucleotides," PCT publication 
WO 90/15065 filed on 5 June 1990 entitled "Exonuclease Resistant 
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Oligonucleotides and Methods for Preparing the Same," and United 
States Patent No. 5,256,775. 

The oligomers of the invention comprise various nucleic aci 
bases. In addition to nucleic acid bases found to occur 
naturally in DNA or RNA, e.g., cytosine, adenine, guanine 
thymidine, uracil, and hypoxanthine, the oligomers of the 
invention may comprise one or more nucleic acid bases that are 
synthetic analogs of naturally occurring acid bases. Such non- 
naturally occurring heterocyclic bases include, but are not 
Umited to, aza and deaza pyridine analogs, aza and deaza 
purine analogs as well as other heterocyclic base analogs 
wherein one or more of the carbon and nitrogen atoms of the 
Purine and pyrimidine rings have been substituted by heteroatoms, 
e.g., oxygen, sulfur, selenium, phosphorus, and the like 
Preferred base moieties are. those bases that may be incorporated 
into one strand of double-stranded polynucleotides so as to 
maintain a base pairing structural relationship with a naturally 
occurring base on the complementary strand at the double-stranded 
polynucleotide. 

The invention provides many methods of treating a variety of 
immune disorders. The terms "treatment" or "treating" as used 
herein with reference to a disease refers both to prophylaxis and 
to the amelioration of symptoms already present in an individual 
It will be appreciated by the person of ordinary skill in the art 
that a treatment need not be completely effective in preventing 
the onset of a disease or in reducing the symptoms associated 
with the disease. Any reduction of the severity of symptoms, 
delay in the onset of symptoms, or delay in the progression of 
severity of symptoms is desirable to a patient. Immune disorders 
that can be treated by the methods of the invention include the 
diseases in which CD28 expressing T cells mediate or contribute 
to an undesired idiopathic effect. Inhibition of CD28 expression 
results m the decrease of . expression of cytokines normally 
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produced by activated CD28* T cell, such cytokines include 
interleukin-2 , interferon gamma, and interieukin-8 . Accordingly, 
the methods of the invention include, but are not limited to, 
methods of treating diseases in which pathogenesis is mediated 
through interleukin-2, inter feron-gamma, interleukin-8 , or a 
combination thereof, whereby a T cell mediated immune response is 
interrupted or reduced. Examples of immune disorders that may be 
treated by administering the subject oligomers to a patient 
include organ transplantation rejection, septic shock, tumor- 
induced cachexia, and numerous auto-immune diseases. Autoimmune 
diseases that may be treated by the subject methods include 
diseases that are mediated by aberrant T cell activation 
including Type I (insulin-dependent) diabetes, thyroiditis, 
sarcoidosis, multiple sclerosis, autoimmune uveitis, ulcerative 
colitis, aplastic anemia, systemic lupus erythematosus, 
rheumatoid arthritis, parasite induced inflammation and 
granulomas, Crohn's disease, psoriasis, polymyositis, 
dermatomyositis, scleroderma, vasculitides, psoriatic arthritis, 
Graves disease, myasthenia gravis, autoimmune hepatobilliary 
disease, and the like. Additionally, the methods and 
compositions of the invention provide for the treatment of a 
variety of syndromes, including septic shock and tumor-induced 
cachexia, in which the pathogenic effects are mediated, at least 
in part, by the lymphokine secreted from activated CD28' T cells. 

The disease treatment methods of the invention comprise the 
steps of administering an effective amount of the subject 
oligomers to a patient. The precise dosage, i.e., effective 
amount, of CD28-specif ic oligomer to be administered to a patient 
will vary with numerous factors such as the specific disease to- 
be treated, the precise oligomer (or oligomers) in the 
therapeutic composition, the age and condition of the patent, and 
the like. Protocols for determining suitable pharmaceutical 
dosages are well known to those of ordinary skill in the art and 
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can be found, among other places, in Remington's Pharm,^, ^ 
Si^aca (latest edition), Mack Publishing Company, Easton, Pa 

and the like. 

In addition to administering the CD28 targeted oligomers 
Erectly to a patient, the invention contemplates methods of 
treatment i„ which CD28' cells (or ceils having the potential to 
express CD28) are removed from a patient (with or without other 
cells) and transformed with one or more different oligomers of 
the invention. Transformation may be by any of a variety of 
means well known to the person skilled in the art, e.g., 
electroporation, cationic lipids such as DOTMA or DOSPA,' and the 
like. Transformed cells may then be reintroduced into the body 

Another aspect of the invention is to provide methods of 
treating immune disorder by means of administering CD2e-s P ecif ic 
oligomers, wherein the oligomers are produced intracellular^ 
through recombinant polynucleotide expression vectors 
intracellularly-produced CD28-s P ecif ic oligomers are necessarily 
RNA or DNA molecules. Recombinant polynucleotide vectors for the 
expression of polynucleotide sequences of interest are well known 
to the person of ordinary skill in the art of molecular biology 
Detailed descriptions of recombinant vectors for the expression 
of Polynucleotides of interest can be found in, among other 
Places, "Somatic Gene Therapy," ed. P. L . Chang, CRC Press, 
Raton (1995), r. C . Mulligan, Seiner, 2^:926-932 (1993) F W 
Anderson, i^ifilU*, 2i£:808-87 3 (1992), Culver et al.. Hum. r. onc 
Ih*Z.. Z: 107-109 ,199!,, and the like . Su±table recombinant 
vectors for use in the subject methods of treating immune 
disorders through genetic engineering are either able to 
integrate into the genome of T cells or replicate in the 
cytoplasm of T cells. CD2B-specif ic oligomers for use in 
intracellular administration are preferably significantly longer 
than CD28-s P ecific oligomers for extracellular administration 
In a preferred embodiment of the subject methods of intracellular 
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CD28 administration, the CD28-specif ic oligomer is complementary 
to one or more entire CD28 transcripts or the entire CD28 gene; 
however, suitable intracellularly-produced CD28-specif ic 
oligomers may be considerably shorter in length. Unlike extra- 
ceilularly-administered CD28-specif ic oligomers, CD28-specif ic 
oligomers do not present problems with intracellular uptake or 
hydrolysis by extracellular enzymes. The subject methods of 
using intracellular CD28-specif ic oligomers may involve 
administering CD28-specif ic oligomer-encoding recombinant vectors 
directly to a patient. Alternatively, CD28-specif ic oligomer- 
producing vectors may be administered directly to cells that have 
been removed from a patient (i.e., stem cells, T cells, whole 
blood, marrow, etc.), whereby transformed cells are produced. 
The transformed cells may be subsequently be reintroduced into a 
patient. 

The invention also specifically provides for expression 
vectors capable of expressing one or more of the oligomers of the 
invention. Generally, such expression vectors comprise, in 
operable combination, a promoter and a polynucleotide sequence 
encoding an oligomer capable of inhibiting the expression of CD28 
in a T cell. Although many different promoters may be used in 
the vectors of the invention, preferred promoters are capable of 
driving the high level expression in T cells. The expression 
vectors of the invention may also comprise various regulatory 
sequences. Currently available expression vectors, especially 
those vectors explicitly designed for gene therapy, may readily 
be adapted for the expression of CD28- targeted oligomers of the 
invention. The vectors may be adapted for the expression of 
CD28-targeted oligomers using conventional genetic engineering 
techniques such as those described in Sambrook et ai., Molecular 
Cloning . 2nd Ed., Cold Spring Harbor Press, Cold Spring Harbor, 
N.Y. (1989) . 
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Another aspect of the inventio „ is (o ^ 
formulations for the administration of the . ' ^ 

' h " e """"""tie.! £ ovulations may be readily 
prodded by the person of ordinary skill i„ the „ t o£ * 
P ar.aceuticai science. Such formations comprise one or .ore 

l'«n t " ° £ i "" e " ti0n; h °" eV "' X " ^»"» of he 

nvention comprisin, more than one different types of outers 

the outers are preferably selected so as to not be able to 
y ridire with one another. The pharmaceutical foliation of 

nul T°" ^ " aPted " the body in a 

number of ways suitable for the selected method of 

administration, includin, orally, intravenously, intramuscularly 
intraperitoneal^, topically, and the li ke . In addition -o 
compri sin, one or more different oligomers of the invents, the 

" el calT" 3 """" 1 f ° r " Ul " i0 - - or more non- 

olo^cally active compounds, i.e.. excipients. such as 

Zt . i top "~" ^ bi «^ g 

' • th " to "»« salts, preservatives, and the lUe 

Formulations for parenteral administration may include 
aqUe ° US s °i«ions, which may also contain buffers 
diluents, and other suitable additives. Pharmaceutical ' 
formulations of the invention may be designed to promote the 
cellular uptake of the oligomers in the composition, e.g., the 
oligomers may be encapsulated in suitable liposomes 

Pharmaceutic.! formulations for topical administration are 
specially useful for located treatment. Populations or 

lotZ T tnent inClUded 0l " tmentS - SP " y5 ' -pensions. 
-i.ot.Lons, creams, and the like r~,„ i • 

cne liKe. Formulations for topical 

Ltw„ n T rati ° n "* lnClUde ' ^ 8dditi °" " "» Olivers. 

steal r e : r teriais such ^—i. «v..»i. 

accept b P ° ly ^ 1 "" «=: The pharmaceutical^ 

acceptable carrier may also include a known chemical absorption 
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promoter. Examples of absorption promoters are e.g., 
dimethylacetamide {United States Patent No. 3,472,931}, 
trichloro-ethanol or trif luoroethanol (United States Patent 
No. 3,891,757), certain alcohols and mixtures thereof (British 
Patent No. 1,001,949), and British patent specification No. 
1,464,975. 

In addition to the therapeutic uses of the subject 
oligomers, the oligomers may also be used as an analytical 
laboratory tool for the study of T cell activation. T cells have 
several surface receptors in addition to CD28 and the antigen 
specific T cell receptors. Difficulties arise in studying the 
individual biological properties of selected receptors because of 
potential and actual interactions between multiple receptor- 
mediated pathways. By providing a mechanism for decreasing CD28 
expression in T cells, the oligomers and methods of the invention 
also provide useful laboratory methods for studying T cell 
behavior independently of the CD26 activation pathway. 

The invention may be better understood by referring to the 
following examples. The following examples are offered for the 
purpose of illustrating the invention and should not be 
interpreted as a limitation of the invention. 

VI. EXAMPLES - SERIES 1 
Oligonucleotides 

Oligodeoxynucleotides were synthesized on an automated DNA 
synthesizer (Applied Biosystems model 394) using standard 
phosphor ami dite chemistry . P-cyanoethylphosphoramidites, 
synthesis reagents and CPG polystyrene columns were purchased 
from Applied Biosystems ( ABI , Foster City, CA) . 3 f -AminoModif ier 
C3 CPG columns were purchased from Glen Research {Sterling, VA) . 
For phosphorothioate oligonucleotides, the standard oxidation 
bottle was replaced with tetraethylthiuram 

disulf ide/acetonitrile, and the standard ABI phosphorothioate 
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ioate 
umn, 



Program was used for the srepu.se addition of phosphor<)Chioa 

.he protects, groups were C8moved by ^ 

" b """"".ted .^oni™. hydroxide at 55'c for 8 hours 
Th. on„»»cl„tid.. were purified by „P LC using . rever S e phase 
semiprep C8 column ,ABI, . Folloui „, cleavage q£ ^ ^ 

protecting group, treatment with BO % acetic acid and ethanol 
Precipitation, the purity of the product was assessed by HPle 
"in, an analytical CI 8 column ,BecJo.an, Fullerton. CA) AH 
oligonucleotides of >,o % purity were Ivophilized to dryness. 
Oligonucleotides were reconstituted in st.rUe deionized water 
<-« Costa Mesa,, adjusted to 400 pM following evaluation of 

00 60nm. aliouoted and stored at -arc prior to experimentation, 
all cases, at least three batches of each oligonucleotide 

-listed in Table 1 were used. 

CeU linp^ ana t run DU Hf^ h n n 

Peripheral blood mononuclear cells (PBMCs, were isolated 
-ro» the buffy coat following Ficoll-Hypaque density gradient 
centrifugation of 60 ml blood from healthy donors. T-cells were 
Chen purified from the PBMCs using LymphoJcwiic lymphocyte 
-olat.on reagent specific for T^ells (LK-25T, One Lambda, 
-.nog. Par, CA, . An average yield of 4Q _ 6Q x ^ ^ 

then incubated overnight at 37«c in 20 - 30 ml RPMI-AP5 
(RPMI-1640 medium (ICN, Costa Mesa, CA) containing 20 uK HE PES 
buffer, P H 7.4, 5% autologous plasma, 1 * L-glutamine, l- % 
Penxcillin/streptomycin and 0.05% 2-mercaptoethanol > to remove 
any contaminating adherent cells. In all experiments, T-cells 
were washed with RPMI-AP5 and then plated on 96-well microtitre 
Plates at a cell concentration of 2 - 3 x 10' cells/ml 
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The T-cell lymphoma cell lines, Jar lea t E6-1 (CD28+/CD4+) 
cells C52-TIB) and HUT 78 (CD28-/CD4+) cells (TIB-161) (ATCC, 
Rockville, MD) were maintained in RPMI-10 (RPMI-1640 medium con- 
taining 20 uM HEPES buffer, pH 7. .4, 10 % fetal calf serum (FCS) 
{Hyclone, Logan, UT), 1 % L-glutamine and 1 % penicillin/strep- 
tomycin) ; 

Mitogen-i nduced T-cell activation 
and olig onucleotide treatment 

Prior to the addition of human peripheral T-cells or T-celi 
lymphoma cell lines (0.2 - 0.3 x 10*) , duplicate 96-well 
microtitre plates were pre-coated with purified anti-CD3 
monoclonal antibody (mAb) (6.25 - 200 ng/well) (clone HIT 3a, 
Pharmingen, San Diego, CA) and washed twice with cold 
phosphate-buffered saline, pH 7.4 (PBS). Anti-CD3 mAb-treated 
T-cells were further activated by the addition of 2 ng phorbol 
12-myristate 13-acetate (PMA) (Calbiochem, La Jolla, CAI and 
incubated for 48 h at 37°C. Anti-CD3/PMA-activated T-cells were 
treated with 1 - 20 pM CD28-specif ic and control oligonucleotides 
immediately following activation and re-treated 24 h later. 
T-cells from one duplicate plate was used for immunofluorescence 
analysis and the supernatants used for cytokine studies and the 
second plate was used for T-cell proliferation analysis. 

TTmrninof luoreacencft fftudiefi . 

Following activation, 150 ml cell supernatant from the first 
duplicate microplate was transferred to another microplate for 
analysis of cell-derived cytokine production. The remaining 
cells were washed twice with isotonic saline solution, pH 7 . 4 
(Becton Dickinson, Mansfield, MA) and resuspended in 50 ml 
isotonic saline solution and split into two samples. One sample 
aliquot was co-stained with either PE-CD2B /FITC-CD4 or 
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PE-CD54/FITC-CD25 mAb and non-specific fluorescence was assessed 
by seaming the second aliquot with PE/FITC-labeled 
isotype-matched control monoclonal antibody. All 
fluorescence-labeled monoclonal antibodies were obtained from 
Becton Dickinson ,San Jose, CA, . Incubations were performed in 
the dark at 4°C for 45 min using saturating mAb concentrations 
Unincorporated label was removed by washing in PBS prior to the 
analysis with a FACScan flow cytometer (Becton Dickinson, 
Antigen density was indirectly determined in gated live cells and 
expressed as the mean channel of fluorescence (MCF) . Surface 
expression of specific antigens (CD54, CD25) was represented as 
the mean channel shift (MCS» obtained by subtracting the MCF of 
FITC- or PE-labeled isotype-matched (IgGl) control mAb-stained 

cells from the MCF of FITC- or PF-la^i.^ 

rxi<_ or PE-labeled antigen-specific mAb 

stained cells. Alternatively, surface expression of the 
CD4--subset of cells stained with CD28 mAb was determined by 
subtracting the MCF of CD28' CD4 * from the MCF of CD28" CD4' 
cells. The viability of control untreated and oligonucleo- 
tide-treated cells were determined in each batch of all oligo- 
nucleotides .in multiple donors by staining with the vital dye 
propidium iodide (5 ug/ml final concentration,. The percentage 
of live cells which excluded propidium iodide was determined by 
-low cytometry and was > 90 % (range 90 - 99 %, following 
treatment with all batches of all oligonucleotides at a dose 
range of 1 - 20 uM (Figure 2) . 

CVtPkinP anal Y «o fl 

Cell-derived human cytokine concentrations were determined 
in cell supernatants from the first duplicate microplate. 
Mitogen-induced changes in interleukin-2 (IL-2, levels were* 
determined using a commercially available ELISA kit (R & D 
systems Quantikine kit, Minneapolis, MN) or by bioassay using the 
IL-2-dependent cell line, CTLL-2 (ATCC, Rockville, MD) . 
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Mi togen-induced changes in inter feron-gamma and ir.terleukin-8 
iIL-9) levels were determined by ELISA using kits from Endogep 
(Cartridge, MA) and R&D systems (Quantikine kit, Minneapolis, 
MN) respectively. Ail ELISA results were expressed as pg/ml and 
the CTLL-2 bioassay as counts per minute representing the 
IL-2-dependent cellular incorporation of 3 H-thymidine (ICN, Costa 
Mesa, CA) by CTLL-2 cells. 

T-cell p roliferation aaaav. 

The second duplicate microplate in all experiments were 
analyzed for changes in mitogen-induced T-cell proliferation. 
72h following ant.i-CD3/PMA activation and in the absence or 
presence of oligonucleotides, cells were pulsed with 1 uCi 
*H- thymidine (ICN, Costa Mesa, CA) and incubated overnight at 
37°C. Mitogen-induced cell growth, as assessed by incorporation 
of radioactive label, was determined by harvesting the cells and 
scintillation counting on a Wallac Betaplate counter (Wallac, 
Gaithersburg, MD) . 

Inhibition of CP 2 9 expression in activated 

human T-cells by CD29-apecif ic oligonucleotides 

Anti-CD3/PMA treatment of human T-cells increased the 
surface expression of CD2B {using immunofluorescence analysis) 
from a MCS of 122 ±7.74 in resting T-cells to a MCS of 150 ±9.27 
(n = 9) . The difference in CD28 expression in resting and 
activated T-cells is defined as mitogen-induced CD28 expression 
(Figure 3A) . Figure 3B and 3C shows the treatment of 
anti-CD3/PMA-activated T-cells' with phosphorothioate (denoted as 
S-oligomers, Figure 3B) and phosphorothioate-3 • amine (denoted as 
A-oiigomers, Figure 3C) forms of CD28-speci f ic and control oligo- 
nucleotides in 2 donors and with 2 separate batches of each 
oligonucleotide. Of the four candidate oligonucleotides, RT01 - 
RTC4 , (Table 1), in the dose range 2 - 10 pM, both 
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phosphorothioate and phosphorothioate- 3 ■ amine forms of RT03 and 
RT04 were the most active inhibitors of mitogen-induced CD2& 
expression, both inhibiting induced CD28 expression bv greater 
than 50% (lc M )at 5 uM or less. These two oligonucleotides 
which differ in length, were designed to hybridize with a stretch 
of double-stranded DNA, 5- upstream of the transcription 
initiation site of the CD28 gene. No similar dose-deoendent 
inhibition of mitogen-induced CD28 expression was observed with 
the control oligonucleotides, RTC01 (SEQ ID NO: 5) - RTC06 (SEQ 
ID NO: 10, (Table 1). All experiments were performed on at least 
three batches of each oligonucleotide using T-cells from 7 
donors. The fact that oligonucleotide regulation of CD28 
expression was demonstrable in human T-cells is critical because 
peripheral, epidermal and dermal T-lymphocytes are the intended 
target of CD28-specific oligonucleotides. 

Inhib i t i on of mi toaen-i nrfi 1 p e d v-r^ ]] 
prol i feration bv cn?8- gP «^i r Q ii CT nni,m ont - 1t1rrr 

The mitogenic effect of anti-CD3/PMA treatment was 
demonstrable by the augmented proliferation observed following 
the activation of resting T-cells. The incorporation of 
•H-thymidine, represented as counts per minute, was 301641 ± 
47856 (n = 9) in activated T-cells and 650 ± 566 (n = 9) in 
resting T-cells. The effect of anti-CD3 and PMA on T-cell 
proliferation are synergistic as shown in Figure 4A. Figure 4B 
shows a representative experiment of the effect of CD28-specific 
and control phosphorothioate oligonucleotides on 
anti-CD3/PMA-activated T-cell proliferation. In at least seven 
separate experiments, all in the dose range 2 - 10 uM, both 
phosphorothioate (data not shown) and phosphorothioate- 3 ' amine 
(Figure 4B, forms of RT03 and RT04 were the most active 
inhibitors of mitogen-induced T-cell proliferation, inhibiting 
T-cell proliferation by up to 45%. No similar dose-dependent 



WO 96/24380 



PCTAJS96/01507 



- 32 - 

inhibition of mi togen-induced T-cell proliferation was observed 
with the control oligonucleotides, RTCOl (SEQ ID NO: 6) - RTC06 
( SEQ ID NO: 10) . Here, treatment with CD28 -speci f ic oligonucleo- 
tides, RT03 and RT04, could reverse the hyperprolif eration of 
activated T-ceils thus demonstrating that regulation of the CD28 
pathway had a significant effect on one vital biological function 
of T-ceil activation, T-cell proliferation. 

Inhibiti on of activated T-cell -derived cytokine 
production by CD28-gpec if ic oligonucleotides 

Activated T-cells produce a variety of immunomodulatory 
cytokines including IL-2, inter f eron-gamma and IL-8. CD28 
-inducible restriction elements for IL-2 and IL-8 have been 
demonstrated in the promoter sequences for both genes and have 
subsequently been shown to be regulated by the CD28 pathway 
(Fraser et al., (1991) Science 251:313-316, Seder et al., (1994) 
J Exp Med 179:299-304). Interf eron-gamma also has been shown to 
be regulated by the CD28 pathway (Wechsler et al . , J. Immunol., 
m:2515-2523 (1994)). Anti-CD3/PMA treatment of resting T-cells 
dramatically increased the T-cell -derived levels of all three 
cytokines (Figures 5A, 6A and 7A) . Figure 5, 6 and 7 res- 
pectively depict the effect of phosphorothioate (B) and 
phosphorothioate-3' amine <D versions of CD28-speci f ic and control 
oligonucleotides on IL-2, inter f eron-gamma , and IL-8 production 
in activated T-cells from the same representative donor. The 
CD28-specific oligonucleotides, RT03 (SEQ ID NO: 3) and RT04 (SEQ 
ID NO: 4) but not the control oligonucleotides, RTCOl (SEQ ID NO: 
5)- RTC06 (SEQ ID NO: 10) (data not shown)), inhibited 
mi togen-induced IL-2, interf eron-gamma, and IL-8 production in 
activated T-cells in a dose-dependent manner. Both phosphoro- 
thioate (IC^ 0 5 uM) and phosphorothioate-3' amine (IC;, 0 10 uM) 
forms of the CD28-specif ic oligonucleotides were equally active 
in the dose range 2-10 uM. Similar results for all three 
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cytokines were seen with 4 or more different donors. These 
observations demonstrate that CD28-specific oligonucleotides wer 
also capable of regulating multiple effector molecules of the 
CD28 pathway of T-cell activation. 



e 



specif i rity of olinom i rinotirift inhibition or m,« -vm -m ^ 

The specificity of the CD28-specific oligonucleotides, RT03 
and RT04 was evaluated by three methods. 

(1) CD2B-i n dependant T-call activation markers. 
The first method was to determine whether these CD28- 
-pecific oligonucleotides were able to inhibit the expression of 
other human T-cell activation markers which act independently of 
Che CD28 costimulatory pathway. Activation of resting T-cells 
significantly increases the expression of both the IL-2 receptor 
(CD25) and the intracellular adhesion molecule, ICAM-1 (CD54). 
However, both these accessory molecules are regulated 
independently of the CD28 pathway (June .t ,]., Mol . r»i i » 1r1 
2:4472-4481 (1987), Damle et al., J. T^nni 145:2541 (1992))' 
Figure 8 shows the effect of CD28- SP ecif ic and control oligo- 
nucleotides on CD25 (Figure 8A, and CD54 (Figure 8B) expression 
in mitogen- activated T-cells. No significant decrease in the 
activated T-cell expression of both CD25 and CD54 were observed 
following treatment with all CD28- specific and control oligo- 
nucleotides in the dose range 2 - 10 uM. This clearly 
demonstrates the specificity of the CD28-specif ic oligonucleo- 
tides in inhibiting expression of their target protein. 
(2) CD28-n«gative T-call lina, HUT 78 

The second method was to demonstrate that the CD28 pathway 
was really the target for CD28-specif ic oligonucleotides by 
comparing mitogen-induced IL-2 production in a CD28+, T -cell 
leukemia cell li„ e , Jurkat E6-1 and a CD28-, T-cell lymphoma cell 
line, HUT 78. Figure 9A confirms the absence of CD28 expression 
in both resting and activated HUT 78 cells whereas constitutive 
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levels of CD28 increases upon activation in Jurkat E6-1 cells 
(Figure 9B) . In CD28 + Jurkat E6-1 cells, CD28-specif ic but not 
control oligonucleotides were able to inhibit mi togen-induced 
CD28 expression {Figure 9C) and also mi togen-induced IL-2 
production (Figure 10B) . In contrast, in CD28- HUT 78 cells, 
mi togen-induced IL-2 production was not affected by CD28-specif ic 
and control oligonucleotides {Figure 10A) . This clearly 
demonstrates the specificity of these oligonucleotides to inhibit 
only CD28-regulated IL-2 production. 

(3) Specific activation of C028 pathway 

The third method was to activate resting T-cells specif- 
ically via the CD28 pathway using anti-CD28 monoclonal antibody 
in combination with mitogens ( anti -CD3/PMA) using identical 
protocols to those used in activating T-cells with mitogens 
alone. Anti-CD28 mAb in combination with PMA or anti-CD3 mAb has 
been previously shown to provide the costimulatory signal to 
resting T-cells and promote only CD28-dependent and not 
TCR-dependent augmentation of T-cell proliferation and cytokine 
production (June et al., (1987) Mol. Cell Biol ., 7:4472-4481). 
Phosphorothioate and phosphorothioate-3 f amine versions of 
C028-speci f ic but not control oligonucleotides were able to 
inhibit CD2 8 -dependent activation of IL-2, IL-8 and interferon- 
gamma production and T-cell proliferation in 

anti-CD28/mi togen-activated resting T-cells (data not shown) . 
This clearly demonstrates that only the CD28-speci f ic oligo- 
nucleotides act only on the CD28 pathway of T-cell activation. 

VII. EXAMPLES - SERIES 2 

01 i gonucl eo tides 

Oligonucleotides were synthesized with an Applied Biosystems 
394 DNA synthesizer. Phosphorothioate linkages were introduced 
after the standard oxidation bottle was replaced with tetraethyl- 
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h uram dlsulfide/acetonitrile. The purity of the oligonucleo- 
»«0 purity .ere lyophilUed to dryness .„ a reconstituted J* 

« Tables 3 and 5 were used. 5' labeling of oligonucleotides we 
achieved using T4 polynucleotide kin.se end » P - vATP . 

I cell arnvahinp 

Peripheral blood mononuclear cells ,P B „ C s, were isolated 

b ;T c ;;r hy d °r s by d °»^ £oUo „ ed 

oy T cell enrichment using Lymphokwik (One lambda! 
Contaminating monocytes were removed by adherence to plastic 
-rifled T cells were > CD r . <1, „„. DR . and < s \ 

1 " E6_1 ICD29VCD4 '' T » OT " '^.VCOr, T cells 

and the monocytic cell line. TUP were obtained from ATCC. Cells 
»er. cultured at a concentration of 0.2 - 0.3 « iOVwell and 

T^T, Pl "- 1 -'* i "»« "tl-CDJ monoclonal antibody 

<HIT3A 0.25 ug/ml, , Pharmingen, . nd 2 „, phorbol 

12-myristate 13-acetate (PMA, (Calbiochem, . 

Immunof i imr.. ^ „ f ,^ t m 

Cells were co-stained with either PE-CD28/FITC-CD4 or 
P E -«5VriTC-CD25 mAb or with PE/riTC-labeled isotype-matched 
controls (Becton Dickinson] . Cell snrfac. j 
CDS4 rnj!, „ surface antigen density (CD28, 

CD 5 <, CD25, was confirmed by flow cytometry (FACScan, Becton 
Dickinson,. Viability was assessed by propidium iodide < 5 „ g/ ml, 

21 TV" C ° nCr01 U """ ted ^ 0li »°-"«ted cor cells from 
multiple donors and was typically > 90 % (range 90 - 99 %) 
following , 8h incubation with 1 - 10 uM of each batch of all 

oligonucleotides . 
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Prolifer ation and cytokine assays 

Proliferative responses were assessed by measuring -'H 
-thymidine dp Ci, ICN) incorporation for the last 16h of each 
assay. Cells were harvested onto filters and DNA synthesis was 
measured following scintillation counting on a Wallac Betaplate 
counter. Cytokine concentrations in culture supernatants were 
assayed using ELISA kits for IL-2, IL-B (R&D Syst'ems) and IFN-y 
(Endogen) or by bioassay using the IL-2-dependent cell line, 
CTLL-2 (ATCC) . 

RT-PCR and Southern Analvsia 

Total cellular RNA was extracted using Trizol reagent 

(GIBCO/BRL) . The cDNA synthesis reaction (Promega) was performed 
using oligomer (dT) 15 primer and AMV reverse transcriptase (H. 
C). The PCR reaction (GeneAmp PCR kit, Perkin-Elmer Cetus) 
consisted of 50 pi mixture containing 3 pi of cDNA, dNTPs (each 
at 200 uM) , 0.5 pM of each primer and 1 unit of Taq polymerase. 
The primers used were as follows :CD28, 5 ' -CTGCTCTTGGCTCTCAACTT- 3 ' 

(sense) and 5' AAGCTATAGCAA GCCAGGAC- 3' (antisense), inter- 
leukin-2 receptor p55 alpha chain primers (Stratagene) and pHE7 
ribosomal gene. Kao, H.-T., Nevins, J. R. (1983) MqI. Cell, 
Biol . 3, 2058-2065 Amplification conditions were 45 sec at 94°C, 
1 min at 57*C and 2 min at 72°C for 35 cycles, followed by 8 min 
at 72°C. PCR products were separated on 2% agarose, transferred 
to Hybond N+ membrane (Amersham) in 20 X SSC overnight and 
immobilized using 0.4 M NaOH. Blots were hybridized with 
3 -p- Y ATP labeled oligonucleotide probes. Washed blots were then 
analyzed using Phosphorlmager . 

MLR and alloanticren-specif ic T cell afiflaVfi 

For MLR responses, PBMCs were cultured (1:1) with mitomycin 
C- treated (50 yg/ml) PBMCs from a HLA-disparate individual. In 
alloantigen-specific T cell assays, T cells isolated from PBMCs 
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of cetanus-toxoid-primed healthy donors were cultured (1:1) with 
autologous mitomycin C-treated PBMCs in the presence of tetanus 
toxoid (2 ug/ml. List Biologicals) . In both assays, 2 x 10' 
cells/well were cultured for 6 days at 37°c prior to further 
analysis . 

Temporal oligonucleotide stability analyses were performed 
as described previously (Tarn, R. C, Li, Y . , Noonberg, s., Hwang, 
D. G., Lui, G., Hunt, C. A., Garovoy, M. R. (1994) Kur.leir 

22, 977-986). Oligonucleotide degradation profiles were 
assessed by electrophoresis and quantitated using Nickspin 
columns. 

Inh i bition of cp?p PTfrreaaion bv nho^h^^M., ^ 011^.1^ 
t i des i n rtpec i f i fi and affects ari-iv*^ t r P n r„ n ^< nn 

Figure 11 summarizes the effect of the phosphorothioate 
oligonucleotides from Table 3 on surface expression of accessory 
molecules and on cytokine secretion in activated T cells. The 
oligomers used were designed to hybridize to the 5' untranslated 
region (UT) of the CD28 gene, and were either antisense (AS ) or 
G-rich sequences. Control oligomers were either sense strand 
(SS) or complementary strand (CS) sequences. 48h treatment of 
resting T cells (R, with anti-CD3 antibody and PMA augmented the 
expression (Ac) of the accessory molecules, CD28 (A) , CD25(B) and 
CD54© and of the cytokines, IL-2(D), I FNv ( E ) and IL-8(F) Data are 
presented as mean standard deviation of triplicate samples. The 
cumulative effect of two additions (0 and 24h) of 2pM (g> , 
SuM(^) and lOuM of the phosphorothioates from Table 3 on' 

activation-induced T cell function was monitored by 
immunofluorescence analysis (accessory molecules) and by 
determination of secreted cytokine levels using CTLL-2 bioassay 
(IL-2) and ELISA (iFNy, IL-8). Surface antigen density (MCS), in 
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gated live CD4* cells was measured as the increase in mean 
channel of fluorescence compared to IgGl controls. IL-2- 
dependent cellular incorporation of J H-thymidine was measured as 
counts per minute (cpm) and immunoreactive IFNy and IL-8 as 
pg/ml. The data shown, all derived from experiments performed on 
T cells isolated from a single donor, are representative of 
experiments from 9 separate donors. 

Table 3. Phosphorothioate oligonucleotides 
Oligo Sequence (5' to 3'). Description SEQ ID 



NO 



RT01S 


TTG 


TGG 


TGA 


CGA 


TGG 


GCT 


A 


AS 


5' UT 79-97 




42 


RT02S 


AGC 


AGC 


CTG 


AGC 


ATC 


TTT 


GT 


AS 


5' UT 94-113 




43 


RT035 


TTG 


GAG 


GGG 


GTG 


GTG 


GGG 




G- 


rich 5' UT 58 


-75 


44 


RT04S 


GGG 


TTG 


GAG 


GGG 


GTG 


GTG 


GGG 


G- 


rich 5' UT 58 


-78 


45 


RTC01S 


TAG 


CCC 


ATC 


GTC 


AGG 


ACA 


A 


SS 


to RT01 




46 


RTC02S 


ACA 


AAG 


ATG 


CTC 


AGG 


CTG 


CT 


SS 


to RT02 




47 


RTC0 6S 


AAC 


CTC 


CCC 


CAC 


CAC 


CCC 




cs 


to RT0 3 




48 



The data demonstrates that selected phosphorothioate 
oligomers (Table 3) can specifically block activation-induced 
CD28 expression in CD4 * T cells. In a representative donor 
(Figure 11A) , activation-induced CD28 expression but not IL-2 
receptor (CD25) or intracellular adhesion molecule-1 (ICAM-1 or 
CD54) expression, was inhibited in a dose-dependent manner by the 
phosphorothioate oligomers, RT03S (SEQ ID NO: 44) and RT04S (SEQ 
ID NO: 45) (IC„ s 5 uM) . No similar inhibition was observed with 
the antisense oligomers, RT01S (SEQ ID NO: 42) or RT02S (SEQ ID 
NO: 43) or the control oligomers, RTC01S (SEQ ID NO: 46), RTC02S 
(SEQ ID NO: 47) and RTC06S (SEQ ID NO: 48). Furthermore, we 
provided evidence that the active oligomers modulated activation- 
induced CD28 by blocking transcription in activated human T 
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ceils. At 10 m, RT03S (SEQ ID NO: 44) and RT04S (SEQ ID NO- 45, 
but not a representative control oligo, RTC0 6S (SEQ ID NO- 48) 
reduced expression of activation-induced levels of CD28 but not 
• receptor mRNA (Figure 12). 

Figure 12 shows the effect of phosphorothioate oligonucleo- 
tides at 10 m on CD28 and CD25 mRNA levels. Resting (lane 1, and 
antx-CD3/PMA-activated ,6h) levels of CD28 and CD25 mRNA, in the 
absence (lane 2, or presence of ' the oligonucleotides, RT03S (SEQ 
ID NO: 44) (lane 4), RTC06S (SEQ ID NO: 64, (lane 5, and RT03D 
(SEQ ID NO: 49, (lane 6) were detected following RT-PCR of total 
cellular RNA and Southern analysis using specific, radiolabeled 
probes. The CD28 probe was derived from exon 2 ( 5 ' - ACGGGGTTC 
AACTGTGATGGGAAATTGGGCAA-3' ) and for IL-2 receptor, the probe was 
generated fro, the original primer mix. Equivalent loading was 
assessed following hybridization with a probe generated from P HE7 
sense primer. RNA from CD28-def icient HUT (7) and THP (8, cell 
lines were used as controls. The data shown are representative of 
separate experiments. 

Thus the specific inhibition of CD28 mRNA levels by 
biologically active phosphorothioates paralleled their effect on 
CD28 surface protein. Moreover, active oligomers abrogated 
activation-induced T cell function, as RT03S (SEQ ID NO: 44, and 
RT04S (SEQ ID NO: 45, but not RT01S (SEQ ID NO: 42, or RT02S ( SEQ 
ID NO: 43, or the control oligomers, RTC01S (SEQ ID NO- 46) 
RTC02S (SEQ ID NO: 47) and RTC0 6S (SEQ ID NO: 48), markedly' 
inhibited anti-CD3/PMA-induced synthesis of the cytokines, IL-2, 
IFNy and IL-8 by activated T cells (IC 10 * 5 uM, range 2-10 pM, 
(Figure 11B) . 

As alternate costimulatory pathways can also induce 
lymphokine synthesis in activated T cells (Damle, N. K. , 
Klussman, K., Linsley, P.S., Axuffo, A. (1992) 148 , 
1995-1992), lt was important to determine whether the biological 
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activity of RT03S (SEQ ID NO: 44) and RT04S {SEQ ID NO: 45) was 
specific to functional CD28 expression. Accordingly, we compared 
the effect of phosphorothioates on anti-CD3/PMA-induced IL-2 
production in a CD28\ T cell leukemia cell line, Jurkat E6-1 and 
a CD28\ T cell lymphoma cell line, HUT 78. As summarized in 
Figure 13, 48h treatment of resting cells (R) with anti-CD3 
antibody and PMA increased CD28 expression (Ac) in Jurkat (A, 
right) but not HUT 78 (A, left) cells. However, activation 
augmented IL-2 production in Jurkat, (C left), and HUT 78 (D, 
left) cells. The active oligonucleotides, RT03S (SEQ ID NO: 44) 
and RT04S (SEQ ID NO: 45), at 1 pM Q) 2 (M (^) , 5 pM (^) and 
10 pM (Q) inhibited CD28 expression (B) and IL-2 levels (C, 
right) in activated Jurkat cells but had no effect on 
CD28-independent IL-2 secretion in activated HUT 78 cells (D, 
right) . The data shown are representative of three separate 
experiments . 

In Figure 13A, immunocytof luorometric analysis confirmed the 
absence of CD28 expression in both resting and activated HUT 78 
cells, whereas constitutive levels of CD28 increased upon 
activation in Jurkat E6-1 cells. Furthermore, in Jurkat E6-1 
cells, RT03S (SEQ ID NO: 44) and RT04S (SEQ ID NO: 45) (range 1 - 
lOuM) significantly inhibited both activation-induced CD28 
expression (Figure 13B).and IL-2 production (Figure 13C) . In 
contrast, although activated HUT 78 cells produced similar levels 
of IL-2, no comparable oligo-dependent inhibition of this 
lymphokine was observed (Figure 13D) . 

We also demonstrated that T cell activation (expression of 
CD28, IL-2, IL-8 and IFNy) directed by a specific anti-CD28 mAb 
in combination with anti-CD3, was blocked by biologically active 
phosphorothioate oligomers (data not shown) . Direct crosslinking # 
of CD28 molecules has been previously shown to promote only 
CD28-dependent and not TCR-dependent augmentation of T cell 
proliferation and cytokine production (June, C. H., Ledbetter, J. 



WO 96/24380 



PCI7US96/01507 



- 41 - 



A GiUespie. „. M. , listen, T .. Thomson, c. B. ,„,„ ^ 
7. 4«7,-,„l.,. Ta ken aether. ouc data strong ^ 

suggests chat bioactivity of the active „n 

the CD-q nar . * active oligomers was specific t 

the CD„S pathway of T cell activation 
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We next compared the efficacy of the CD28-spe C ifi c oligo- 
nucleotides, RT03S (SEQ ID NO: 44) and RT04S (SEQ ID NO: 45, in 
blocking antigen-specific primary immune responses in vitro In 
Fxgur. 14, resting ,A, B, and activated <E, F , levels of CD28 are 

;; d Qi r e v or tetanus » ce n „.. y . ftop P . nel . A 

and B, and mixed lymphocyte reaction (bottom panel, E and F) 
The percentage of CD4', CD28-hi T cells is shown in the right- 
hand marker for a, B, E and F. oligomer activity was assessed by 
the potential of two additions (0 and 96h, of 1 pM (Q 2 gM 
■ < 5 um «□, and 10 pM (Qjphosphorothioate oligonucleotides 
from Table 1 to reduce the percentage of CD28-hi expressing T 
cells (C, G) and activated T cell proliferation (D, H) in each 
assay Activation of T cells was induced in response to tetanus 
° XOld <tOP Panel) ° r blowing stimulation of responder T cells 
(X) by mxtomycin-c treated stimulator PBMCs ( Y) (bottom panel, 
These data are representative of three separate experiments. 

In Figure 14, using both tetanus toxoid-specif ic T cell 
assay (Figure 14B, and primary mixed lymphocyte reaction (Figure 
*<FJ, we observed the appearance of a subpopulation of 
activation-induced CD28-hi expressing T cells after the 6 day 
assay period. Addition of RT03S (SEQ ID NO: 44) and RT04S (SEQ 
N ° : 45) (2 " 10 M ««»lted in a dose-related diminution of 
CD28-hi expression (Figs. 14C, 14G, and a corresponding decrease 
in tetanus toxoid-specific (Figure 14D, and responder cell 
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antigen-specific (Figure 14H) T ceil proliferation. No similar 
effect was observed with RT01S (SEQ ID NO: 42) or the control 
oligomers, RTC01S (SEQ ID NO: 46), RTC02S (SEQ ID NO: 47) or 
RTC06S (SEQ ID NO: 48) . 

In vitro oligonucleotide stability extenda the biological 
activity of phoflphorothioate oligonucleotides. 

It is known that modification of oligomers with phosphoro- 
thioate internucleotide linkages can impart nuclease resistance 
and thus extend the in vitro bioactivity from 1 - 2h to 24h 
(Stein, C. A., Cheng, Y. C. (1993) Science 261. 1004-1012.). 
Table 4 shows the temporal effect of phosphorothioates, RT03S 
(SEQ ID NO: 44) and RTC06S {SEQ ID NO: 48) on surface CD28 
expression in the continued presence © or following removal of 
oligonucleotide from the extracellular milieu on day 2 (D) . 
Monitoring was performed by immunof luorocytometry . Results are 
expressed as the difference in surface antigen expression of 
activated T cells (MCF A ) and oligonucleotide-treated activated T 
cells (MCF X ) . CD28 expression in resting T cells on day 2 to 4 
was in the range 119 - 121* "ND" represents no distinguishable 
difference . 
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Table 4. Temporal activity of phosphorothioates following 
continuous or discontinuous oligonucleotide treatment 



Differential CD2S expression { MC F A - MCF :< ) 
RT03S (SEQ ID RTC06S (SEQ ID 



Day 
2 
3 
3 
4 
4 



C 
D 
C 
D 



MCF ± 
144.8 
1-35.6 
136.8 
128.9 
130.1 



0 

18.4 
21.9 
18.3 
18.-2 
2.3 



NO: 44) 
5 

8.9 
15.9 
11.8 

9.7 
ND 



10 
9.3 
5.1 
7.1 

6 - V 

ND- 



0 

1.9 
ND 

1.7 
ND 
ND 



NO: 47) 
5 

1.7 
ND 
3.8 
ND 
ND 



10 
ND 
3.2 
1 

ND 
ND 



As shown in Table 4, the duration of effect of RT03S (SEQ ID 
44) exceed ^ 24h and persisted through day 2, 3 and 4 
relate to oligomer dose. However, upon removal of RT03S (SEQ 
ID NO: 44),. from the extracellular milieu on day 2, the 
inhibitory activity remained for 24h and was then completely 
abolished within the n^vt- m i • 

h - N ° oll 9° ro « activity was observed 
wxth a representative control oligo, RTC06S (SEQ ID NO- 48) 
throughout the same time course. A similar phenomenon was 
observed with oligo-mediated inhibition of activated T cell 
Proliferation (data not shown) . increased bioavailability 
proved by phosphorothioate modification alone cannot account 
for the remarkably prolonged bioactivity of RT03S (SEQ ID NO- 
44). Therefore, we demonstrated that the extended duration of 
effect was associated with additional in vitro stability provided 
by the secondary structure of RT03S (SEQ ID NO: 44). 

Figure 15 summarizes test results on the in vitro stability 
of »P-labeled phosphorothioates, RT03S.(SEQ ID NO: 44) and RTC06S 
(SEQ id NO: 48, in extracellular supernatants (top panel) and 
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Jurkat cell lysates (bottom panel) . (A) Time-dependent 
degradation (0 - 96 h) of each oligonucleotide (2000 cpm) was 
assessed by electrophoresis on a 20% polyacr ylamide denaturing 
gel followed by visualization using a Phosphor Imager . (B) The 
percentage of intact full length "P- RT03S (SEQ ID NO: 44) (o) 
and i: P- RTC06S (SEQ ID NO: 48) (•) remaining at each time point, 
'relative to t = 0, was determined in eluates from 10000 cpm of 
extracellular supernatants and cell lysates applied through 
Nickspin columns (Pharmacia). Molecular weight standards (Std), 
w P-dNTP (N) and free "P-orthophosphate (P) were simultaneously 
analyzed. 

In Figure ISA, the electropherograms clearly show that, for 
both extracellular supernatants (S) and cell lysates (L), 
considerably more intact "P-labeled RT03S (SEQ ID NO: 44) than 
RTC06S (SEQ ID NO: 48) remained following a 96h incubation with 
Jurkat cells. Consistent with this observation are the Nickspin 
column data {Figure 15B) . Here, the percentage of intact 
oligomer recovered from RT03S (SEQ ID NO: 44) after 96h was 54% 
(S) and 59% (L) and from RTC06S (SEQ ID NO: 48) was 10% (S) and 
34% ( L) . In addition, secondary structure alone is not 
sufficient to account for the increased nuclease resistance and 
duration of bioactivity of RT03S (SEQ ID NO: 44) as its 
phosphodiester counterpart, RT03D had little bioactivity (Table 
5) and from in vitro stability studies, only had a half-life of 
24h (data not shown) . 

Table 5. Identification of oligonucleotide sequence responsible 
for inhibition of CD28 expression and CD28-dependent IL-2 
production 
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Oligo 

RT03S (D) 
RT11S 
RT04S 



Relative inhibition of expression 



Sequence 



RT05S 

RT09S 

RT10S 

RT24S 

RT25S 

RT23S 

RT19S 

RT19S 

RTC07S 

RTC08S 

RT20S 

RT21S 

RT15S 
RT06S 
RTC06S 



TTG GAG GGG G TG GT G GGG 

GGG -SAG G AG GGG CTG GAA 

GGG TTG GAG GGG G TG GTfi 
£££ 

TTG GAG £££_£AG GA G GGG 
TTG GAG GGG GAG GT G GGG 
TTG GAG GCG GTK GT G GCq 
TTG GAG CCG G TG GT G GCC 
TTG GAG GGG CTP CT C GGg 
TTG GAG CCG G TH GTG G 

GGG GTG GT G GGG 

G GGG TT G GGG 

T G GGG 

G GGG 

CAC TGC S££_£AG GGC T££ 

AT( ? GGG TGC ACA AAC T££ 
££ 

AAC GTT G AG GGG CAT 
TTC CAG CCC CTC CTC CCC 
AACCTC CCC CAC CAC CCC 



CD28 



51 



IL-2 



SEQ ID 
NO: 



100(3) 


1 100(44) 




100 


100 


50 


123 


100 


4 5 


136 


100 


51-U- 


126 


100 


52 


31 


38 


53 


40 


57 


54 


44 


25 


55 


38 


57 


56 


103 


120 


57 


30 


89 


58 


2 


2 


59 


2 


2 


60 


58 


76 


61 



63 



62 



26 


52 


63 


29 


22 


64 


4 


2 


48 



in preparing the data for Table 5, the in vitro activity of 
Phosphorothioate oligonucleotides was determined by their ability 
to .nhibit CD28 expression in anti-CD3/PMA-activated peripheral 
hu»n T cells and their effect on activated IL-2 production in 
Jurkat T cells. Results are expressed relative to the activity 



WO 96/24380 



PCT/US96/01507 



- 46 - 

of 5 uM RT03S (SEQ ID NO: 44) (lOOt) whose range of inhibition in 
7 experiments was 52 - 79 % of CD28 expression and 76 - 89 % of 
IL-2 production. The values for the phosphodiester form of RT03D 
'(SEQ ID NO: 49) are in parentheses. 

Identifi cation of minimal sequence which confers biological 
activity in vitro 

Active phosphorothioate, RT03S {SEQ ID NO: 44), is an 18 mer 
originally designed to hybridize to the 5' untranslated region of 
the human CD28 gene, and has a. sequence containing two sets of 
contiguous four G's. To identify the sequence-related factors 
critical for inhibition of activation-induced CD28 expression in 
human T cells and CD28-dependent IL-2 production in Jurkat T 
cells, bases were selectively added, deleted or substituted from 
RT03S (SEQ ID NO: 44) and activity assessed relative to the 
parent oligomer (Table 5) . Addition of three G's at the 5' end 
(RT04S) or one or more changes of T to A in the region between 
both four G sequences (RT05S (SEQ ID NO: 51), RT09S (SEQ ID NO: 
52)) did not reduce the inhibitory* effect relative to RT03S (SEQ 
ID NO: 44). Interestingly, the sense sequence (RT11S (SEQ ID NO: 
50)) also showed no change in activity relative to RT03S {SEQ ID 
NO: 44). However, in contrast, deletion or replacement of one or 
more G's by cytosine (C) within both sets of four G's (RT10S < SEQ 
ID NO: 53), RT24S (SEQ ID NO: 54), RT25S (SEQ ID NO: 55), RT23S 
(SEQ ID NO: 56) (SEQ ID NO: 56)) resulted in a marked loss of 
activity relative to RT03S (SEQ ID NO: 44). Deletion of the six 
residues 5' of the first four G's in RT03S (SEQ ID NO: 44) had no 
effect on the inhibitory activity of the oligonucleotide (RT18S 
(SEQ ID NO: 57)). In contrast, reducing (RT19S (SEQ ID NO: 58)) 
or increasing {RT20S (SEQ ID NO: 61), RT21S (SEQ ID NO: 62)) the 
number of residues between both four G sequences dramatically 
reduced the inhibitory activity relative to RT03S (SEQ ID NO: 
44). TGGGG, GGGG or sequences containing 4 consecutive G's such 
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« WIS. ,S E0 i» „6: 63 had iittle or no inhibitory ,„ 

reiative to RT03S (SE0 10 m: ««,. These data 

the bro ogicai activity c £ RI0 3S (SEQ ID NO: „, 1. dependent . 

•pacific s e ,uence „otif comprised of 2 sets of < contiguous c's 
separated by 3 - 5 residues. 

in view of the tolerogenicity imparted by disrupting CD28 
function (Boussiotis, V A p r p flB „ r T 

j u, ji _ ■ *" Freeinan ' • J- Gray, G . , Gribben, 

' N3dler ' (1 " 3 » *■ E«P. MPd- 178, 1753-1763.,, it was 

important to examine whether oligo-mediated inhibition of CD28 
expression could provide a .ore effective strategy for inducing T 
cell anergy and alloantigen-specif ic tolerance in vitro We 
showed that the phosphorothioate oligomers, RT03S (SEQ l D N0 . 44 , 
and RT04S, inhibited anti-CD3/PMA-induced CD28 expression ^ 
human CD4' T cells by reducing both mRNA and mature protein 
levels relative to oligomer dose. Furthermore, in order to 
demonstrate target specificity, we examined oligo-mediated 
effects on IL-2 receptor and I CAM- 1 expression: two accessory 
-lecules known to be regulated independently of the CD28 pathway 
(Damie, M. K., et aI ., (1992) J, lmmQ] 14fl , 1985 . lg9 ,. June 
CH. et al., (1987) M0 1, ^1 PinU 7, 4472-4481; Stein C A ' 
et al.. Y.-C. (1993, Sclent 2SI . 1004-1012; Bouss.otis, V A ' 
- ai., {1993) l7i/ 1753 . 1763) 

both activated message and protein levels of CD25 and surface 
expression of CD54 were resistant to oligomer action 

Costimulation via the CD28 pathway directly induces 
expression of immunomodulatory cytokines such as IL-2, IFN Y and 

i ^ITTV cells (Fraser - J - D " et al " U991) 

251, 313-316 Jenkins, M. K. , et al., ,1991, J^^u^ 147 , 
^ 61-2466; Seder, R. A., et al., (19 94, J^^^ 179 , 
299-304; Wechsler, A. S., et al., (1994, J , lBmnnn1 1S3 , 
2515-2523,. For tolerogenicity to be successful, active 
CD28-s P ecific oligomers must abrogate this function 
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Administration of active oligomers resulted in concomitant 
modulation of activation-induced IL-2, IFNy and IL-8 production. 
To underscore the exquisite specificity of the active oligomers 
to inhibit CD23-dependent functions, w^ showed that they were 
unable to prevent activation-induced IL-2 production in a 
CD28-deficient cell line, HUT 78. Furthermore, maximal oligo— 
mediated inhibition of IL-8 production in activated T cells never 
exceeded 50% suggesting that an alternative regulatory pathway 
driving CD23-independent IL-8 production was preserved. Oligomer 
activity was not restricted to polyclonally activated T cells, as 
inhibition of activation-induced CD28 levels resulted in 
dramatically reduced T cell proliferation in both MLR and in 
tetanus-toxoid-specific T cell assays. Thus, our active 
oligomers mediated alloantigen-specif ic tolerance in vitro, and 
provide a promising alternative to the ligand capture strategy 
for inducing T cell hyporesponsiveness such as seen with CTLA 4 
Ig, a high affinity B7 binder (Tan, P., Anasetti, C, Hansen, J. 
A., Melrose, J . , Brunvand, M. , Bradshaw, J., Ledbetter, J. A., 
Linsley, P.S. (1993) J, F.XP. Med. 177, 165-173.). 

In determining the duration of effect of the active 
pharmacophore, we observed that RT03S (SEQ ID NO: 44) showed 
surprisingly persistent inhibition of both activated CD28 
expression and CD28 -dependent T cell proliferation, even 96h 
following oligomer treatment. Bioactivity was not related to 
toxicity as upon removal of oligomer complete reversal of 
inhibitory activity occurred within 24h. Moreover, upon 
comparison of the phosphorothioates, RT03S (SEQ ID NO: 44) and 
RTC06S (SEQ ID NO: 48), our in vitro stability studies showed 
that secondary structure, mediated by the G-rich sequence in 
RT03S (SEQ ID NO: 44), increased two- to fourfold the nuclease 
resistance typically associated with phosphorothioates (Stein, C. 
A., Cheng, Y. C. (1993) Sri«»nre 261. 1004-1012.). The extended 
half life <96h). of 3: P-RT03S (SEQ ID NO: 44) correlated with its 
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« " I. .-ditto.. RT03D, the phosphodiester 

counterpart of RI03S (SEQ „ N0; exhibued P = 

«c» stability and bioactivity, a „ observation which 
consistent with previous report, .Maltese, ..-v.. sh.rma. „ „ 

U I!, N ° rayanan ' R ' 119951 23. " 

"7" - Theref0 "' S " bilit ' ^»ea by secondary structure 

441. Thus th, nuclease stability granted by both 
Phosphorothioate modification ana secondary structure may account 
for the prolong inhibitory activity of RT03S ,SE0 ID „< , « 

Single base pair substitution in hybridization-dependent ' 
n i sense and antigene models can virtually abolish ac iv 

' :t S, "~' " —Vanan. 

11995) Wucleic Acids Res. 23, 1146-1151 i t 

... .1H6 1151.). In contrast, activity 

of CD2a-specifi C Olivers was only drastically reduced if 
sequential substitution occurred within both sets of four c-s 
implying defined structural requirement for Oliver function 

aci :r::' foiiowin9 cati °° ic — »«. « ttl a ;: 

44). the oUoomer melting curve showed a transition profile ,d,t. 
not shown, „ hich is sug , estive q£ * *«a 

841,. Taken together, our data provide evidence that th<s 
class of CD 2 e-specific Olivers act via a hybridization- 
independent mechanism and that secondary structure of the 
~,ue„ce, possibly through G-ouartet formation, delimits oligomer 
tivity. simil ar iy, Bennett- c . CMang/ m y wilson . g ° met 

n 9 ardo ... „y att , R . „,„, Muclflir ^ „„, „ 

olloom d —"«d that activity of their phosphorothioate 

oligomers was based on possible c-gu.rtet formation in sequences 

containing two set«; nf t-hT-»~ 

y o sets of three or more consecutive G and this 

jested chat oligo-mediated regulation o, human phospholipase 
" thr0,lgh s P«ifi= nucleic acid-protein interaction. 
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Specific protein recognition by a range of G-quartet 
structures have been demonstrated in telomeres, centromeres 
(Blackburn, E . H. (1990) .t. ninl . Chem. 265. 5919-5921), 
immunoglobulin switch regions (Shimizu, A., Honjo, T\ (1984) 
36, 801-803) and a class of regulatory oligomers called aptamers 
(Bock. L. C, Griffin, L. C, Latham, J - A. , Vermaas, E. H., 
Toole, J. J- (1992) Nature 355, 564-566; Huizenga, D. E . , 
Szostak, J. W. (1995) Hi nrhemistrv 34, 656-665; Bergan, R., 
Connell, Y., Fahmy, B., Kyle, E . , Neckers, L. (1994) Nuc l e i c 
Ariris Res. 22, 2150-2154) . In our studies, oligomers capable of 
forming an intermolecular four stranded G-quartet structure from 
a set of four contiguous G's, such as those in telomeres (Smith, 
F. W., Feigon, J. (1992) Nature 356, 164-167), weakly inhibited 
CD23 expression. An example of this was RT15S (SEQ ID NO: 63, 
whose G-rich sequence was previously shown by others to inhibit 
c-myc expression (sequence 14 in Burgess, T. L., Fisher, E * F., 
Ross, S. L., Bready, J. V., Qian, Y.-X., Bayewitch, L. A., Cohen, 
A. M . , Herrera, C. J., Hu, S. S.-F., Kramer, T. B., Lott, F. D., 
Martin, F. H., Pierce, G. F . , Simonet, L., Farrell, C. L. (1995) 
Pror. Natl - Ar Ad . Sri. USA 92, 4051-4055). Another G-rich 
structure, the intramolecular G-quartet, has been shown to 
mediate aptameric inhibition of thrombin (Wang, K . Y . , McCurdy, 
S., Shea, R. G., Swaminanthan, S., Bolton, P. H. (1993) 
Riorhemistrv 32, 1989-1904; Macaya, R. F., Schultze, P., Smith, 
F. w., Roe, J. A. , Feigon, J- (1993) Pror:. Natl ft'cari. Sci, USA 
90, 3745-3749). Sequential analysis of RT03S (SEQ ID NO: 44) 
predicts that paired G's of residues 3 - 4, 7 - 8, 12 - 13 and 16 
- 17 can potentially form such a G-quartet structure. However, 
removal of residues 1 - 6 (RT18S (SEQ ID NO: 57)), which 
disrupted the intramolecular quartet, was ineffective in blocking 
the inhibition of CD28 expression and CD28-dependent IL-2 
production- These data suggest that the activity of RT03S (SEQ 
ID NO: 44) arises from an alternate G-quartet structure. 
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RT03S (SEQ ID NO: 44) indeed has a similar 12 mer seauence 
to a motif predicted by others (Smith, F . W., Feigon, J. (i 993) 
B i OChfmnrry 32, 6682-8692) to be essential for dimeric G-quartet 
formation. Dimeric G-quartets can arise from two strands of DNA, 
alternately parallel and antiparallel . Here, adjacent strands 
contribute four G's to form four stacked G-quartets. A motif on 
each strand, consisting of twelve residues with four bases 
separating two sets of contiguous four G's, was associated with 
formation and stability. We have shown that the core 12 mer 
sequence (RT18S (SEQ ID NO: 57), has similar activity to RT03S 
(SEQ ID NO: 44); Also G to C substitutions (RT10S (SEQ ID NO* 
53), RT23S (SEQ ID NO: 56), RT24S (SEQ ID NO: 54), RT25S (SEQ ID 
NO: 55)) within both the four G regions resulted in a 56 - 69% 
loss of inhibitory activity relative to RT03S (SEQ ID NO: 44). 
Similarly, insertion (RT20S (SEQ ID NO: 61), RT21S (SEQ ID NO: 
62)) or deletion (RT19S (SEQ ID NO: 58), of bases separating the 
sets of G's reduced the relative bioactivity by 52 - 70%. Taken 
together, these data suggest that a specific sequence motif, 
which has the capability to form a dimeric G-quartet, is critical 
for phosphorothioate oligo-mediated inhibition of functional CD28 
expression . 

The mechanism by which this type of dimeric G-quartet exerts 
its biological effect is unknown. However, several lines of 
evidence substantiate the hypothesis that this motif enables our 
active oligomers to function as decoys, presumably by 
competitively hindering the interaction of a dimeric G-quartet 
promoter sequence with a specific transcription factor. 1) An 
oligomer corresponding to an upstream region of the CD28 gene 
(RT11S (SEQ ID NO: 50), exhibited equivalent biological activity 
to RT03S (SEQ ID NO: 44). 2, Our active oligomers function via a 
non-antisense mechanism. 3) These oligomers modulated CD28 mRNA 
expression; hence their bioactivity was not related to direct 
target protein interaction. 4, G-rich promoter regions are 
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prevalent (Evans, T., Schon, E.. Grazyna, G. M., Patterson, J.. 
Efstratiadis, A. (1984) Nl1 r] P <r ftrj<1fi R6S ■ 12, 8043-805; 
Kilpatrick. M. W., Torri, A.,Kang, D. S., Engler, J. A., Wells, 
R . b. (1986) t Rinl. Chem. 261, 11350-11354; Clark, S. P., 
Lewis, C. D., Felsenfeld, G., (1990) Nllflf^ ftpiris Res , 18, 
5119-5126.), increasing the possibility that G-quartet- forming 
oromoter sequences are a general regulatory phenomena. 5) Double 
stranded oligomers can act as decoys for the transcription 
factor, E2F (Morishita, R.. Gibbons, G. H., Horuchi, M., Ellison, 
K E . , Nakajima, M. , Zhang, L., Kaneda, Y. , Ogihara, T., Dzau, V. 
j. (1995) mri ^. 92 - 5855-5859). 6) G-rich 

oligomers have been shown to mediate the induction of Spl 
transcription factor (Perez, J. R-, Li, Y., Stein, C. A.. 
Majumder, S., van Oorschot, A., Narayanan, R. (1994) *ror ■ Nat l. 
^ rfl H 9ri . USA 91. 5957-5961). 

j flKnwPOWAT TflW ffY mFBmMa 

All patents, patents applications, and publications cited 
are incorporated herein by reference. 

The foregoing written specification is considered to be 
sufficient to enable one skilled in the art to practice the 
invention. Indeed, various modifications of the above-described 
makes for carrying out the invention which are obvious to those 
skilled in the field of organic chemistry or related fields are 
intended to be within the scope of the following claims. 
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What is claimed is: 



1. An oligomer capable of reducing CD29 gene 
expression in a T cell. 

oli flom 2 ' ° Ug0mer accord ^ to Claim 1, wherein said 

° ll90mer 15 " Pable ° f Wridi,ing to a CD28 g ene transcript. 

olioom h 3 ' *" ° iigonier according to claim 2 wherein said 
oligomer hybridizes to the initiation codon of CD28. 

*' An ° li90mer -wording to Claim 1, wherein said 
oligomer i s capable of hybridizing to a CD28 gene. 

*/ ^ olia ™« according to claim 4 wherein said 
oligomer hybridizes to a transcript ^ ^ ^ ^ 

5 ' to oli( ?°nier according to claim 1 wherein the 
oligomer comprises at least 11 nucleic acid bases and no more 
than 50 nucleic acid bases. 

oJ . . 6 ' ^ 0li * omer according to Claim 1 wherein said 

oligomer is a DNA or RNA molecule. 

7. An oligomer according to Claim 1 having less than 
ID NO:"" 11 inClUdin9 " qUenCe ^ 'TTGTCCTGACGATGGGCTA3 ' , (SEQ 

22 base, ^ • ^ ° li9 ° mer aCCOrdln * t0 Claim * »*ving less than 
22 bases and including the sequence 5 ' AGCAGCCTGAGCATCTTTGT3 ' 
(SEQ ID N0:2) . ' 
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9. An oligomer according co Claim 1 having less than 
22 bases and including the sequence 5 1 TTGGAGGGGGTGGTGGGG3 * , ( SEQ 
ID NO: 3) . 

10. An oligomer according to Claim 1 having less than 
22 bases and including the sequence 5 ' GGGTTGGAGGGGGTGGTGG- 

GG3 ' , (SEQ ID NO: 4 ) . 

11. An oligonucleotide according to claim 1 having a 
phosphorothioate backbone with 11 to 50 bases comprising at least 
two sequences of GGGG separated by 3 to 5 bases. 

12. A method for treating a disease which is at least 
partially mediated by CD2B, said method comprising the step of: 

administering to a patient an effective amount of an 
oligomer according to Claim 1. 

13. A method for treating a disease which is at least 
partially mediated by CD28, said method comprising the step of: 

administering to a patient an effective amount of an 
oligomer of an oligomer having 11 to 50 bases comprising at 
least two sequences of GGGG separated by 3 to 5 bases. 

14. The method of Claim 13 wherein the oligomer 
comprises the sequence 5 ' TTGGAGGGGGTGGTGGGG3 ' , ( SEQ ID NO:3). 

15. The method of Claim 13 wherein the oligomer 
comprises the sequence 5 • GGGTTGGAGGGGGTGGTGGGG3 ' , (SEQ ID NO:4). 

16. A method according to Claims 12-15 wherein said 
administration step further comprises the following steps: 

removing CD29-expressing cells from a patient; 
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introducing said oligomer into said ceils whereby 
oligomer-transformed cells are produced, and returning 
said oligomer-transformed cells into the patient. 

17. A method according to Claims 12-15 wherein said 
administration step further comprises the following steps: 
removing CD28-expressing cells from a donor; 

introducing said oligomer into said cells whereby 
oligomer-transformed cells are produced, and 
introducing said oligomer-transformed cells into the 
patient. 

16. A method according to Claims 12-15, wherein said 
oligomer is produced by transcription of an expression vector. 

17. A recombinant expression vector, said vector 
comprising, in operable combination, a promoter, and a 
polynucleotide sequence encoding an oligomer capable of 
inhibiting the inducible expression of CD28-in a T cell. 

17. A pharmaceutical formulation comprising an 
oligomer according to Claim 1. 

18. The pharmaceutical of Claim 17 wherein the 
oligomer is 11 to 50 bases in length and comprises at least two 
sequences of GGGG separated by 3 to 5 bases. 

19- The pharmaceutical of Claim 17 wherein the 
oligomer is 18 to 50 bases in length and comprises the sequence 
5 ' TTGGAGGGGGTGGTGGGG3 * , (SEQ ID NO:3). 
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20. The pharmaceutical of Claim 17 wherein the 
oligomer is 18 to 50 bases in length and comprises the sequence 
5 ' GGGTTGGAGGGGGTGGTGGGG3 ' , (SEQ ID NO: 4) . 

21. A pharmaceutical formulation comprising at least 
two different oligomers according to claims 17-20. 

22. A pharmaceutical formulation according to Claims 
17-21, wherein said formulation is adapted for parenteral 
administration. 
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Figure 1A 

u-uiimrr TlTlUlfltT OCXX?na.Tf C C T lUmu; TTCTCTICTr 
TlCTITICTr TICTTICICr UTIL ' miT G lLTl ' ll ' I TT TCTCATICTG 
TK3COCT0X TOGAGTGCAG TCGCATCAIXT TCGGCICATA GCAGOCTCCA 
OCTOCTGOCT TCAAGOGATT CTCCIQCCIT AOCCCTCCCT ACTAGCIGGA 
TIACAGGTAC GCACCATGAT OCCTOC3CTAA TITITICTAT TTTCAATOGA 

GftoajoCTrr caccatcitc goc»ggcio3 irrnaccrc ctooccicaa 

ATCAiraoC CACITIG30C TOOCAAATIG CTOGCATEAC AGGCGTCAGC 
CACTOCAOCE QXCICTTCr TTCTTAAGAA CACTITCICT CCCCTTmAT 
CICTGCTOGA TITCAAGCAC OOCTITTACA CAACICITCA TATCCATCAA 
1AAAOAATAA TIODCATftAG CCCATCATCT AGIGACCGAC T A ' l ' l ' l ' l ' lU AG 
TCACAAAAAA AAAGTCTITA AAAATAGAAG TAAAAGTCTA AAGTCA1CAA 
AACAACGTEA TATGCIGTGT GAAATGCIGC AGTCAOGATC C LTIUIULTIT 

TGAoroocrr gatcatoigc ccibagggga tooiuju uu t cgiu uiujuc 

GTG3ATGAC3 G 
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Figure IB 

AGACIUTCAG GOCTIGGCAG GTGQGTCTTT CMTICCOCT CACACITCGG 
Gl'lLULUJU GAQGAGO30C TOGAAOOCTA GCCCATO3TC AGGACAAAGX 

M 

TOCraGOCT GCICITOGCT CTCAACTTAT TCCCTICAAT TCAASTAACA 150 

etLeuArgLe uLeuLeuAla LeuAsnLeuP heProSerll eGlnVaWhr 

QGAAAGAAGA TITO3GTGAA GCAGTO3O0C ATOCTICTAG OGTAQGACAA 200 

GlyAsnLysI leLeuValLy sGlnSerPro MetLeuValA laTytAspAs 

TOOCSGTCAAC CmGCIGCA AGTATICCTA CAA3CTCTTC TCAAGGGAGT 250 

nAlaValAsn teuSert^sL ysTyrSerty rAsnLeuPhe SerArgGluP 

TO0G3GCATC CCITCACAAA GGACTOGMA GIGCIGTOGA AGICIGIGTT 300 

heArgAlaSe rLeuHisLys GlyLeuAspS erAlaValGl uValCySVal 

GTATATGGGA ATTACTCCCA GCAGCITCfiG GTITOCTCAA AAACGGOGTT 350 

VallyrGlyA srtlyrSerGl nGlnLeuGln VallyrSerL ysThrGlyPh 

CAAOGTGAT QSGAAATTO3 GCAATGAATC AGTGACATIC TACCIGCAGA 400 

eAsriCysAsp GlyLysLeuG lyAsnGluSe rVallhrPhe TyrLeuGlnA 

ATITCEATCT TftAOCAAACA GATMTEACT TCT3CAAAAT T3AAGTTATC 450 

snLeiHyrVa lAsnGlrflhr AspileTyrP heCysLysll eGluValMet 
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Figure 1C 

TATOCTCCTC CTTACCEAGA CAATGAGAAG AGCAATOGAA CCATTATCCA 500 

TyrProProP rtflyrLeuAs pAsnGluLys SerAsnGlyT hrllelleHi 

TCIGAAAGQG AAACACCTCT GTOCAAGICC COA Tl' ll l X. ' OGACCTTCTA 550 

sValLysGly LysHisLeuC ysProSerPr oLeuPhePro GlyProSerL 

AQOCCTTTTG GGTCCTCGTG GlUL.TlUb ' m GAGTCCTOGC TIGCTA.TW3C 600 

ysProPheTr pValLeuVal ValValGlyG lyValLeuAl aCysTyrSer 

TTOCraGTAA CAGTQGCCTT TATTATmC TO3GTCAGGA GTAAGAGGAG 650 

LeuLeuValT hrValAlaPh ellellePhe TrpValArgS erLysArgSe 

CAGocrcrrc cacastgact acatgaacat gactocoogc oaccccauj 700 

rArgLeuLeu HisSerAsp/T yrMetAsnMe tlhrProArg ArgPruGlyP 

OCAO00QCAA GCATIACCAG COCTA1GXC CAOCACGOGA CITOGCAGOC 750 

rtfrtirArgLy sHisTyrGln PitfiyrAlaP roProArgAs pPheAlaAla 

TATCGCTCCT GACACGGACG CCIATOCAGA AQOCAGOOGG CTGGCAGOOC 800 
TyrArgSer. . . 

CCATCTGCTC AATATCACIG CTCK3GATAG GAAATGACCG OCATCICCAG 850 

OOGOCAOCT CAGCCCCItTT TGGGCCAOCA ATOCCAATTT TICIDGAGTG 900 

ACEAGACCAA ATATCAAGAT CATTTTGAGA CICIGAAATG AAGTAAAAGA 950 

GATTICCTGT GACAG30CAA GTCTTACAGT GCCATOGCUJ ACATTCCAAC 1000 

TTAOCATCTA CTITCTCACT TGACIGAGAA GTTAGGGTAG AAAACAAAAA 1050 

GGGAGIGGAT TCTG3GAGCC ' ILTIU-L T IT CTCACTCACC TOCACAICIC 1100 

AGTCAAGCAA AGTGTGGTAT CTACAGACAT TTTAGTK3CA GAAGAAAGGC 1150 

TAGGAAATCA TTOCITTIGG TTAAATO33T GTCTAATCTT TT O/I T fti/Ki 1200 

0GTIAAAO3G GGTAAGTEAG AGIMJGGQGA GGGATAGGAA GACATATCTA 1250 

AAAAOCATIA AAACACIGTC 1O0CACTCAT GAAATGAGCC ACGTAGTTCC 1300 

TATTEAATGC 'ILTITIUJIT TAGTITAGAA ATACATAGAC ATIUIUITIT 1350 

ATCAATTCTG AICATATTEA GTCATTTIGA OCAAATGAGG GATTIGGTCA 1400 

AATCAGGGAT TOOTCAAAG CAATATCAGG TAAACCAAGT ' lU. ' l ' l ' lU. ' lL ' 1450 

ACTCOCTCTC AIGAGACITC AGTGTEAATG TTCACAATAT ACTTIDGAAA 1500 

GAATAAAATA GTTC -,c n >. 
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Figure 2 
Phosphorothioate 




3'HydroxypropyIamine/Phosphorothioate 
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Figure 3A 
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Figure 3B 
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Figure 3C 
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Figure 9 
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Figure 13 
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Figure 9 
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Figure 10 
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